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ABSTRACT
This thesis is an investigation of recent prehistoric cranial 
variation in Papua New Guinea. It presents for the first time metric, 
non-metric and anatomical data recorded on crania from the Central 
Highlands and Highlands Fringe regions, as well as data for a number 
of regions from the North and South Coasts. The majority of the data 
have been recorded in the field from skeletal remains located in 
ossuaries. Supplementary data from a number of museum collections -is- 
also presented.
Univariate and multivariate statistical analyses of the metric 
data indicate that the populations of the Central Highlands and 
Highlands Fringe have been biologically isolated from coastal and 
lowland regions for a substantial period of time. The demonstration 
of craniometric homogeneity throughout the Central Highlands further 
indicates an original genetic unity for these populations. Factors of 
craniometric size and shape are both identified as contributing to the 
morphological pattern throughout Papua New Guinea, and it is shown 
that extraction of significant environmental effects clarifies the 
assessment of phylogenetic relationships. The potential for a 
cultural component in the morphological pattern of the Papuan Gulf is
also raised.
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1CHAPTER 1 
INTRODUCTION
"...the elucidation of Australian prehistory is indissolubly 
bound up with knowledge of New Guinea populations and their 
prehistory" (Macintosh 1965:29).
In 1949, J.B. Birdsell proposed a particular model of population 
history for the Australian Aborigines which explained their current 
morphological diversity as the result of three discrete waves of 
migration (Birdsell 1949, 1967). His proposition was that the 
founding population was basically Negritoid, later overlain by a 
second migration of people with Ainu or Caucasoid affinities (called 
by him Murrayian) , and later again by a more recent migration of 
people with Veddoid or pre-Dravidian affiliations (called by him 
Carpentarian) . This last migratory element is supposed to have 
introduced the 'Australoid' type.
Birdsell recognised that at the time of these proposed migrations 
to Australia, placed by him in the last glacial period of the 
Pleistocene, the emergence of the Sahul Shelf required that New Guinea 
and Australia be treated as a single regional unit (Birdsell 
1949:112). He therefore suggested a model of population history for 
New Guinea, and by extension the Melanesian islands eastward, based on 
the "...more readily demonstrable sequence of events to the south"
(1949:113).
2In Birdsell's view (1949:112-113), the first immigrants to New 
Guinea were Negrito who expanded their range to occupy all available 
rainforest areas. The second wave of Murrayian immigrants, having a 
basic adaptation to grassland environments, could not replace the 
Negrito to any major degree as they had in Australia and so the 
Negrito remained the dominant population, absorbing a small but 
detectable minority of Murrayian genes. The third wave of
Carpentarian immigrants did not alter the balance between Negrito and 
non-Negrito populations, but simply added another dimension to the 
basic Negrito gene pool already established.
With specific reference to the Highlands of New Guinea, Birdsell 
stated (1949:114) that the populations of the interior highland
valleys of New Guinea and the larger Melanesian islands such as New 
Britain and New Caledonia are quite clearly dihybrid, consisting of a 
predominantly Negritic element to which has been added a minority of 
Murrayian genes. The Carpentarian genetic element' is reflected in
contemporary lowland and coastal populations, thus completing the 
application of the Australian trihybrid model. However, Birdsell went 
even further and suggested that in most Melanesian coastal areas there 
are indications of an additional, diluted Mongoloid element. These 
coastal areas are the most complicated, and in terms of the four
population elements involved must be considered as 'quadrihybrid' in 
origin (Birdsell 1949:114).
The trihybrid model which Birdsell derived from his Australian
Thorne m  la , i9*n ; HOMtHe ig n
data has been extensively criticised (Howel-l-s— 19-7-T-?— Thorne— 1971a, 
1977) . His construction of New Guinea population history could by
implication also be questioned. Nevertheless, Birdsell was most
perceptive in that he saw the need to consider New Guinea and 
Australia together in any attempt to reconstruct the phylogenetic
3history of each. Unfortunately, while there has been a wealth of 
investigation into the biological origins and local evolution of the 
Australian Aborigines using near-contemporary and fossil skeletal data 
(Thorne 1971b, 1975, 1976; Thorne and Macumber 1972; Thorne and Wilson 
1977; Thorne and Wolpoff 1981; Pardoe 1984, 1988a,b; Webb 1984; 
Habgood 1986; Brown 1987, 1989), the same cannot be said for New 
Guinea. The present study is a step in attempting to redress this 
imbalance.
My original intention was to investigate as fully as possible the
available skeletal data for Papua New Guinea, both for the evidence it
hniaht"may bring to bear on questions of local evolution and adaptation in 
Papua New Guinea itself and for the light it shed on questions
raised by recent research on early Australian skeletal remains,
Thorne 0911)particularly in regard to single or multiple origins (cf. Brown— (1987-)
ßröKin (Iß67)and Thorne (1977)) . However, a survey of the literature (discussed in 
Chapter Two) quickly dispelled this notion; apart from the Aitape 
fragment, no fossil record of any appreciable time depth has been 
recovered from Papua New Guinea, while the major museum collections 
had already been surveyed (Pietrusewsky 1983). These museum
collections are geographically limited in the populations they 
sampled, and exclude the Highlands region altogether. It immediately 
became apparent that if skeletal data were to be collected suitable 
for the investigation of local biological evolution and variation 
within Papua New Guinea, let alone questions regarding the Australian 
connection, then it would have to be obtained from an alternative 
source. Basic to the present study therefore were a series of field 
trips to Papua New Guinea for the purpose of recording cranial data 
from field locations spanning as wide a geographic, linguistic and 
cultural range as possible, while maintaining the focus of attention
on the Central Highlands.
4In his review of studies of cranial remains from Papua New Guinea, 
Pietrusewsky (1983) comments that a major objective in the past has 
been the reconstruction of historical-biological, or phylogenetic, 
relationships. This concern involves a number of other questions 
(Pietrusewsky 1983:73) which are worth reiterating here:
1. What is the exact nature of cranial variation within New Guinea 
and between New Guinea and surrounding regions?
2. Is it possible to designate one or more points of origin for 
the human populations of New Guinea on the basis of regional 
differences in the contemporary pattern of cranial variation?
3. From a temporal perspective, what is the relationship between 
near-contemporary and earlier skeletal populations?
4. Phylogenetic considerations aside, can a specific ^rocessual 
agent such as drift, gene flow or selection be cited as the primary 
cause of the contemporary regional pattern of cranial variation?
5. What is the relative contribution of metric and non-metric 
expressions of cranial variation to the observed pattern of 
differentiation?
According to Pietrusewsky (1983:73), the existing skeletal record 
and degree of skeletal research at the time of writing offered the 
possibility of only partial answers to these questions. It is 
difficult, therefore, to go beyond this and propose more specific 
hypotheses which might be tested using an alternative data set. As a 
result, my approach to the investigation of the data presented in the 
present study is largely exploratory and considers again some of the
questions posed by Pietrusewsky (1983).
5However, given the fact that my fieldwork was restricted to the 
eastern, Papua New Guinea half of the island and has as its focus the 
Central Highlands, it is necessary to recast these questions in a more 
explicit fashion. The following is therefore a statement of the 
research goals to be addressed in the present study:
1. What is the nature and extent of craniometric variation in the 
Central Highlands of Papua New Guinea?
ie>2. It irte possible to identify a pattern of craniometric 
relationships in the Central Highlands which is suggestive of a 
particular phylogenetic history for the populations sampled?
3. To what extent does craniometric variation in the Central 
Highlands correspond to biological, cultural and linguistic data on 
living populations, and to archaeological data on their prehistoric 
ancestors?
4. Is it possible to identify specific microevolutionary 
mechanisms such as genetic drift or gene flow as factors determining 
the pattern of regional craniometric variation in the Central 
Highlands?
5. What is the pattern of craniometric variability throughout 
mainland Papua New Guinea as a whole?
6. Is it possible to identify a suite of cranial morphological 
features which differentiate the populations of the Central Highlands 
from those of Highlands Fringe and coastal-lowland regions?
7. If such morphological distinctions exist, are they the result 
of local adaptations or do they represent the persistence of earlier
phylogenetic differences?
6Chapter Two provides review of the literature relevant to the 
investigation of biological variation in Papua New Guinea, with an 
emphasis on the populations of the Central Highlands. The chapter is 
divided into two sections, the first dealing with studies of genetic, 
anthropometric and dermatoglyphic variation, the second reviewing work 
specifically directed to cranial studies. The chapter concludes with 
a summary of the current knowledge relating to human biological 
variation in Papua New Guinea.
Chapter Three is largely concerned with the nature of the skeletal 
samples used in the present study and the field methods employed in 
finding and recording them. They consist of the contents of ossuaries 
and it is argued that as such, they approximate much more than many 
other skeletal samples to biological populations. The chapter 
concludes with a presentation of the field samples and four museum 
samples, and a discussion of their aggregation as lower-level regional 
and higher-level divisional groupings, the former being the final 
units of analysis.
Chapter Four presents the total data set represented by the field 
and museum samples and argues for its reduction to a male subset of 
the metric variables for later statistical analysis. The chapter also 
discusses the statistical verification of sex.
Chapter Five presents the results of a series of univariate and 
multivariate statistical analyses of the data for the Central 
Highlands. The analysis of the metric data uses methods which 
Relethford and Lees (1982:116) describe as 'model-free':
Model free procedures involve the indirect application of 
models of population structure in the assessment of 
biological differences among populations. Here measures of 
biological similarity are used to assess overall phenotypic 
similarity, regardless of cause.
7For a determination of the extent of variation among groups, I 
have used discriminant analysis as the analytic technique. A cluster 
analysis based on the results of the discriminant procedure is then 
undertaken to determine the pattern of group relationships.
Chapter Six extends the analyses of Chapter Five by presenting the 
results of abbreviated univariate and multivariate analyses of cranial 
samples outside the Central Highlands, arranged into three Divisions. 
These are compared with each other and with the Central Highlands. 
All four are then combined in a series of analyses designed to 
investigate regional variation at the widest level.
Chapter Seven is a discussion of the results of Chapters Five and 
Six. The Central Highlands are considered first. The observation of 
different patterns of genetic variability based on craniometric and 
serological data is discussed in the light of both archaeological and 
ethnographic evidence relevant to factors of time scale and population 
expansion. The focus then shifts to the mainland as a whole, or at 
least as represented by the populations recorded and sampled. This 
includes an examination of possible environmental contributions to the 
craniometric pattern.
Chapter Eight presents the conclusions of the present study and
offers directions for future research.
8CHAPTER 2
PREVIOUS WORK: A REGIONAL REVIEW
2.1 Introduction
The investigation of evolutionary history and anthropological 
genetics within Papua New Guinea has flourished over the last 50 
years, as this review will demonstrate. Human biologists have begun 
to appreciate more fully the research potential of this culturally and 
linguistically diverse region, not only in terms of their own 
specialist interests, but also for the data they may bring to bear on 
general questions relating to occupation history and the analysis of 
human diversity.
It is possible to separate most of the themes running through the 
biological investigations conducted during this period into two 
categories: those that are concerned with the analysis of evolutionary 
processes and population structure, and those whose primary concern is 
the phylogenetic reconstruction of occupation history. These themes 
are not mutually exclusive, however, and a survey of the literature 
shows that the most informative and conclusive statements derive from 
investigations which consider the two in tandem.
Section 2.2 describes the development of general models which have 
been used to explain patterns of biological variability throughout 
Papua New Guinea, derived from the investigation of blood and other 
protein genetic sources, dermatoglyphics and anthropometries. In
9keeping with the research goals of the present study, the emphasis in 
this section is on papers which discuss the Central Highlands, 
although relevant investigations from other parts of the country are 
also presented. The results of these non-cranial investigations will 
be used as a comparative framework for assessing the observations and 
conclusions of the present study. Section 2.3 reviews those 
craniometric studies considered to be of specific interest and 
relevance. Section 2.4 provides a summary of the current knowledge 
regarding biological variation in Papua New Guinea.
2.2 The Interpretation of Biological Variation in Papua New Guinea
This section is historical in approach. Rather than review all 
that has been written concerning the human biology of Papua New 
Guinea, I have chosen a selection of studies which illustrate changing 
interests and the application of increasingly sophisticated 
explanatory models. More extensive reviews are given by Allbrook 
(1974) and Terrell and Fagan (1975), and the bibliographies prepared 
by Skeldon (1977) and Hornabrook and Skeldon (1977) are an invaluable 
resource.
2.2.1 Genetic Studies
Graydon and Simmons (1945) were among the first to identify 
biological heterogeneity among human populations in Papua New Guinea. 
They established a division between south coast Papuan groups based on 
variability in population gene frequencies for the ABO, MNS and Rh
10
blood group systems. This division, later confirmed by Simmons et al. 
(1946), separated a Daru-Kikori regional grouping in the west from the 
remainder of the populations sampled, which included adjacent Gulf 
populations from Kerema through to groups from the Samarai region east 
of Port Moresby. It was thought that the observed heterogeneity 
indicated a separate ethnic origin for the Daru and Kikori populations 
(Graydon and Simmons 1945:78-79).
While some of the early genetic studies divided their samples on 
the basis of arbitrary political (i.e. District) boundaries (Walsh et 
al. 1953; Dunn et al. 1956), others sought more realistic subdivisions 
based on geographical and linguistic criteria. Many of these latter 
investigations identified significant population variability in the 
gene frequencies of the blood group systems they examined, for a range 
of coastal (Groves et al. 1958; Juptner et al. 1958; Booth and Oraka 
1968), lowland (Armytage et al. _ 1959; MacLennan et al. 1960a) and 
highland fringe (Craggs et al. 1958; Rieckmann et al. 1961; Walsh et 
al. 1966; MacLennan et al. 1967; Booth and Hornabrook 1972) societies. 
Findings of population homogeneity, either at the local or regional 
level, are few (Ivinskis et al. 1956; Champness et al. 1960; MacLennan 
et al. 1960b).
Semple et al. (1956) undertook one of the earliest investigations 
to identify population heterogeneity in the Central Highlands. 
Significant differences in the gene frequencies of the ABO, MNS and Rh 
systems separated Goroka from three Wahgi Valley populations, these 
being Chimbu, Nondugl and Mount Hagen. The analysis further 
identified a relative degree of homogeneity within the Wahgi Valley 
itself. This result was seen as a reflection of local geography, the 
Chimbu Divide separating Goroka from the Wahgi Valley and thus
providing a barrier to gene flow.
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A more intensive investigation of genetic variability within the 
Central Highlands was undertaken by Macintosh et al. (1958) at Wabag, 
west of Mount Hagen. Their analysis included a consideration of the 
pattern of genetic variability within the Wabag population when it was 
subdivided on the basis of clan membership, as well as a comparison of 
the total Wabag gene frequencies for the ABO, MNS and Rh systems with 
a selection of other Central Highlands, lowland/coastal and Pacific 
island/southeast Asian populations. Their results can be summarised 
as follows:
1. There is little resemblance between Highland populations and 
any Asiatic or Oceanic people.
2. The blood group pattern in the Wabag area is similar to that in 
other parts of Papua New Guinea, but it is not possible to identify 
any one non-highland group that is more similar to Wabag than any 
other.
3. Highland populations from Wabag to Goroka inclusive are 
differentiated from the coastal groups surveyed on the basis of a low 
M frequency and a high S frequency. However, there are significant 
differences in the blood group patterns identified from Wabag, Mount 
Hagen, Nondugl, Chimbu and Goroka, and there is evidence of a clinal 
gradient in the frequency of the S gene throughout the Central 
Highlands, decreasing from west to east.
4. Significant differences in the distribution of the S and Rh 
phenotypes exist between the 17 clans comprising the Wabag sample. No 
regular gradients in gene frequency were identified throughout the 
clan territories, and the observed heterogeneity was interpreted as 
the result of a complex interplay between (a) irregular hybridisation 
of an earlier population with later arrivals and (b) random genetic
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factors associated with the selection and isolation of small groups. 
Factors such as mutation and selection were not considered to have had 
any effect on the observed pattern of variation.
In identifying a significant degree of heterogeneity both within 
and between populations in the Central Highlands on the basis of their 
genetic data, Macintosh et al. (1958) anticipated the results of 
subsequent investigations, many of which utilised this research design 
of comparative population assessment at the local and regional levels. 
What distinguished these later studies was the almost complete 
rejection of migration and hybridisation as explanatory factors, and a 
move toward interpretation based on local evolutionary mechanisms such 
as gene flow and drift. For example, Kariks et al. (1960) cited 
language differences acting as barriers to free intermarriage as an 
explanation of genetic heterogeneity between six local groups in the 
vicinity of Goroka. Heterogeneity was also identified within these 
groups and, although not significant, such internal variability was 
taken as an indication that geographic proximity may be an important 
factor in the selection of marriage partners.
Language, marriage patterns and environmental differences have all 
been implicated in the determination of biological population 
variability. Comparative analyses of Central Highlands samples 
grouped on linguistic criteria have identified significant levels of 
both between-group and within-group heterogeneity (Vines and Booth 
1965). Heterogeneity between groups from Chimbu, Minj and Mount Hagen 
was interpreted as the result of random genetic drift operating in 
groups which, although originally of common ancestry, are now 
relatively segregated due to their practice of restricted exogamy 
(Walsh et al. 1960) . On a slightly broader scale, Simmons et al. 
(1968) combined populations from Chimbu through to Mount Hagen in a
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single homogeneous group which was significantly different from a 
second homogeneous group comprising the western Enga. In the case of 
certain haptoglobin analyses, frequency differences have been 
explained as the result of either selective pressures relating to 
intravascular haemolysis and malaria (Curtain et al. 1965), or the 
product of simple geographic associations and isolation by distance 
(Blackburn and Hornabrook 1969).
Certain investigations have also compared the blood group patterns 
of Central Highlands populations with neighbouring highland fringe 
groups. These studies not only reinforce the perception of local group 
heterogeneity in Papua New Guinea, they also permit intriguing 
speculation on the genetic (and perhaps phylogenetic?) relationships 
existing between the Central Highlands and true coastal-lowland 
populations. In some instances, Highland Fringe populations from Lake 
Kutubu (Booth and Hornabrook 1972), the Anga (Craggs et al. 1958), the 
western Ok (Rieckmann et al. 1961; MacLennan et al. 1967) and the 
Karamui Plateau (Russell et al. 1971) are either quite distinct from 
adjacent Central Highlands and coastal-lowland groups, or they have a 
strong coastal-lowland affiliation. On the other hand, at least one 
genetic study has identified a basic similarity between a fringe 
population (from near Aiome) and the adjacent central highland and 
lowland groups (Champness et al. 1960). There is also a similarity in 
genetic patterns which associates Lake Kutubu in the west with distant 
fringe populations from the Upper Watut and Waria Valleys in the east, 
in effect distinguishing all three from a number of coastal and 
lowland groups (Booth and Hornabrook 1973) .
In the mid 1960's, a number of studies began to formally 
investigate explanatory models which related language, geography and 
microevolutionary mechanisms to earlier descriptions of local group
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heterogeneity. Livingstone (1963) set out to test the assumption that 
if blood group genes are relatively stable and hence give some 
indication of distant common ancestry, then within a small area and 
among closely related peoples there should be a correlation between 
blood group genetic patterns and the level of common ancestry. He 
concluded from his review of data from the Eastern Highlands District 
that there is no correlation between blood group differences and 
language differences, nor is there any correlation between blood group 
differences and geographic distance. If it is assumed that language 
differences are a measure of the extent to which different populations 
were members of the same speech community in the past, and hence also 
members of the same breeding population, then Livingstone (1963) 
argues that the lack of correlation between blood groups and language 
indicates a lack of correlation between the degree of blood group 
genetic differentiation and closeness of common ancestry. Significant 
frequency differences are then most likely to be the result of genetic 
drift which has overwhelmed any similarities due to common ancestry.
This is an important paper because it formally set out to test an 
assumption that had previously been presumed correct only because the 
data seemed to fit. Livingstone's observation of genetic 
heterogeneity between samples categorised as similar on linguistic 
grounds was not new; the real innovation was his approach in designing 
an appropriate experimental procedure to test the assumed correlation 
between language and biological distance. The result is somewhat 
marred by his assumption (at the time untested) that it should be 
language rather than gene frequencies which will correlate directly 
with the degree of common ancestry. There is a problem also in
defining just what he meant by 'common ancestry'.
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Further investigations of the relationship between genetic 
heterogeneity and the factors determining population variability were 
undertaken by Giles and his associates in the Markham Valley (Giles, 
Ogan, Walsh and Bradley 1966; Giles, Walsh and Bradley 1966; Giles et 
al. 1970) . Their research design had two levels. The first was to 
undertake a genetic survey of villages from all parts of the Markham 
Valley, the total sample being later subdivided on the basis of 
language and geography. The second level involved an examination of 
blood group gene frequency data from three closely related villages 
(both spatially and temporally) which speak the same language.
In the valley-wide investigation (Giles, Ogan, Walsh and Bradley 
1966; Giles et al. 1970), gene frequency differences for the ABO, MNS 
and Rh systems were examined for a variety of samples grouped for 
homogeneity testing in several different ways: (a) total sample; (b) 
Austronesian speaking villages; (c) non-Austronesian speaking 
villages; (d) those villages speaking the Adzera language or a
dialect; (e) those villages speaking only Adzera (Adzera-restricted);
C. D ■(f) those Adzera-restricted villages from within the Onga^(Census 
Division); and (g) those Adzera- restricted villages from within the 
Onga Census Division but excluding the mountain villages. In the 
original analysis (Giles, Ogan, Walsh and Bradley 1966) , heterogeneity 
in all three systems was apparent to the level of the Adzera- 
restricted villages, with further subdivisions increasing the degree 
of internal sample homogeneity. More intensive sampling, however, 
which included a greater percentage of the villages from within the 
Onga C.D. (Giles et al. 1970), revealed significant levels of 
heterogeneity in all three systems down to the level of the census 
division minus the mountain villages. The authors concluded (Giles et
al. 1970:66)
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Few regions of New Guinea are likely to offer less overt 
hindrance to gene flow than the Onga census division. 
Topographical and linguistic barriers in the valley are 
minimal... yet village units in a small area like the Onga 
census division appear to be loci of significant genetic 
variation
In the second level of the Markham investigation (Giles, Walsh and 
Bradley 1966; Giles et al. 1970), gene frequencies for the ABO, MNS, 
and Rh systems were surveyed for three villages within the Waffa 
language group in a study that was specifically designed to look for 
evidence of genetic drift. A number of preconditions for the 
identification of drift were met by these village samples: an 
indistinguishable environment, an original population unity, and 
little gene flow into the study area from external sources. 
Significant differences in the gene frequencies for all three systems 
were reported, and the study concluded that the three villages 
represent populations that are now undergoing microevolution by means 
of the founder effect and other drift components resulting from 
certain cultural factors (mainly spouse migration) which promote 
biological isolation.
The particular identification of random sampling factors as major 
determinants of genetic variability in both local and regional groups 
also occurred in the Central Highlands (Sinnett et al. 1970; 
Buchbinder and Clark 1971; Littlewood 1972; Serjeantson and Lai 1973). 
These studies paid special attention to the interplay between 
language, geography and social factors limiting gene flow, and the 
effect of these on patterns of population divergence due to random 
fluctuations in gene frequencies. Malcolm et al. (1971) demonstrated 
that the interpretation of genetic heterogeneity between and within 
local groups can be significantly enhanced when considered in 
conjunction with intermarriage patterns and rates of migration.
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Using a similar approach, Cadien (1971) was able to show that the 
degree of between-group heterogeneity within the Onga Census Division 
remarked upon by Giles et al. (1970) is about what should be expected 
when allele frequency distributions are statistically considered in 
relation to village size and the degree of local gene flow. A 
heterogeneous pattern of genetic diversity within the Gainj of the 
eastern Schrader Ranges has also been explained in terms of non­
evolutionary factors such as geographic distribution, population size, 
local endemicity, the rate of external migration and the distance over 
which spouses are sought (Wood et al. 1982).
More recently, genetic investigations within Papua New Guinea have 
moved away from the particular analysis of microevolutionary processes 
and now tend toward a more synthetic approach. With a better 
understanding of the processes determining patterns of local 
population genetic variability, there appears to have been a growing 
confidence in the use of genetic systems to investigate wider 
questions relating to phylogenetic history. Such investigations 
emphasise either the distribution of alleles unique to particular 
populations (see Kirk 1980 for a review) , or they survey a range of 
polymorphic systems and look for geographically common patterns in 
allele frequency distributions (Keats 1977) . Rhoads (1983) found that 
on the basis of a multivariate analysis of the ABO, MNS and Rh systems 
from 134 New Guinea and western Pacific populations, his Highland 
samples formed a compact cluster within the general Papua New Guinea 
region. He also found that the inclusion of some non-highland groups 
within this cluster, mainly from the Sepik River and the Markham River 
Valley, is evidence of gene flow between them and the Central
Highlands.
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While there has always been a general interest in the correlation 
of linguistic diversity with biological variability, a great deal of 
attention has focused on whether or not there is a biological reality 
underlying the basic Austronesian/non-Austronesian language dichotomy 
described for populations in coastal Papua New Guinea and Island 
Melanesia (Wurm 1983) . The investigation of this particular problem 
has involved a search for biological markers that will consistently 
separate Austronesian from non-Austronesian speaking groups. 
Investigations focusing on the gammaglobulin (Giles et al. 1965; 
Curtain et al. 1971; Terrell and Fagan 1975; Giles 1979; Terrell 1981; 
see also Serjeantson et al. 1983), and Gerbich (Booth et al. 1970; 
Booth and Simmons 1972) systems have proved inconclusive, prompting 
Terrell and Fagan to conclude (1975:8) that
Biologically, it continues to look as if the so-called Papuan 
[non-Austronesian] and Melanesian [Austronesian] peoples are 
nothing more than fictions created by linguistic taxonomy.
The more recent investigation of the human leucocyte antigen (HLA) 
complex (Serjeantson et al. 1982; Serjeantson 1985, 1989) has, 
however, altered this view. The cladistic analysis of HLA-DR.DQ 
haplotypes clearly separates non-Austronesian-speaking Melanesians of 
Papua New Guinea from the Austronesian-speaking Melanesians of New 
Caledonia, and shows some affiliation between Austronesian-speaking 
Melanesians and Polynesians (Serjeantson 1989:161).
Other conclusions have been derived from HLA analyses which are of 
relevance to the present study. Populations from both the Central 
Highlands and the Anga of the Upper Watut Valley lack HLA-A2 and All, 
indicating that these Highland groups are descendants of the first 
non-Austronesian occupants of Papua New Guinea (Serjeantson 1989:128). 
Furthermore, the populations of the Papua New Guinea Highlands and 
Australia have a common ancestry of great antiquity, and remnants of
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their communality are still evident today in HLA-B,C linkage 
relationships (Serjeantson 1989:166).
A second genetic innovation in the analysis of biological 
relationships in Papua New Guinea relates to the investigation of 
mitochondrial DNA (mtDNA) polymorphisms (Stoneking et al. 1986a,b; 
Stoneking and Wilson 198 9) . By virtue of its strictly maternal mode 
of inheritance and rapid rate of evolution, mtDNA is looked upon as a 
further source of new perspectives on the origin and history of our 
species. Among the more provocative findings to date is the 
suggestion that all modern mtDNA diversity can be traced to a common 
female ancestor who lived in Africa 150,000 to 300,000 years ago (Cann 
et al. 1987) . The evidence from Papua New Guinea indicates that the 
island was colonised by at least five maternal lineages which 
subsequently diversified (Stoneking et al. 1986a:94), and that these 
lineages were derived from Southeast Asia (Stoneking et al. 
1986b:434). The results also indicate a restricted origin for the 
occupation of the Highlands, the colonising populations having been 
maintained in relative isolation (Stoneking and Wilson 1989:232). 
Significant differences between Highland and coastal populations with 
respect to mtDNA variation are a function of geography, and there 
appears to be no correlation with language, even at the level of the 
Austronesian/non-Austronesian dichotomy (Stoneking and Wilson 
1989:233).
A jarring contradiction to the results of innumerable biological 
investigations, some to be discussed below, is the finding on the 
basis of mtDNA lineage distributions that Australia and New Guinea 
were colonised by two different founding populations (Stoneking et al.
1986b:434; Stoneking et al. 1989:234).
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2.2.2. Dermatoglyphic Studies
By comparison with the wealth of genetic data that has accumulated 
from Papua New Guinea over the last four or so decades, there appears 
to have been a lack of interest in the dermatoglyphic variability of 
the region. Surveys have been conducted on a range of populations 
throughout the country (see Froelich and Giles 1981a for a brief 
review) , with many, such as that of Singh (1968) , discussing the 
observed patterns of variation in the light of random drift effects. 
It is interesting to note, however, that Lin et al. (1983) could find 
no evidence of significant heterogeneity in the variables they 
examined among their .sample of 25 Engan subgroups.
A similar finding of homogeneity is reported for the Waffa- 
speaking villages examined by Froelich and Giles (1981b). In their 
analysis, the same village populations previously surveyed for genetic 
(Giles, Walsh and Bradley 1966; Giles et al. 1970) and anthropometric 
(McHenry and Giles 1971; discussed in the following section) 
variability were sampled for 16 dermatoglyphic variables, providing a 
unique opportunity to comment on the relative evolutionary stability 
of the three biological systems. Using a variety of multivariate 
techniques, the degree of internal variability for three sets of 
villages (Waffa, Adzera and Anga), each set itself composed of three 
villages, was compared on the basis of genetic (Waffa vs. Adzera), 
anthropometric (Waffa vs. Adzera vs. Anga) and dermatoglyphic data 
(Waffa vs. Adzera vs. Anga). In two separate genetic analyses, the 
Waffa villages displayed marked heterogeneity in their multivariate 
dispersion, whereas the comparative Adzera villages were closely 
clustered. A similar result obtained for the anthropometric analysis, 
the degree of multivariate dispersion for the Waffa indicating a level
of heterogeneity far in excess of the comparative Adzera and Anga
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groups. However, the dermatoglyphic analysis resulted in three well 
defined clusters, with the Waffa villages displaying a level of 
homogeneity equivalent to that of the Adzera and the Anga. Froelich 
and Giles (1981b) interpret this result as further evidence for the 
evolutionary stability of dermatoglyphic features and the efficiency 
of these genetic characters in elucidating phylogenetic relationships.
It is therefore with some confidence that they present the results 
of their phylogenetic investigation of 20 New Guinea populations 
(Froelich and Giles 1981a). Their conclusions may be summarised as 
follows:
1. Distinct dermatoglyphic patterns may reflect separate origins 
of Melanesian (Austronesian) and Papuan (non-Austronesian) groups. 
These patterns indicate paths of admixture during their period of 
cohabitation.
2. Two waves of Papuan migration are suggested by the clustering 
pattern of certain Trans New Guinea Phylum language groups. The 
proximity of the Markham Valley Adzera (Austronesian) to a Central 
Highlands cluster points to reciprocal gene flow and a possible 
migration route for the second Papuan migration into the interior.
3. Gene flow from north coast Austronesian populations is 
suggested for both the Sepik and Ramu River valleys.
2.2.3 Anthropometric Studies
As is the case for dermatoglyphics, there has not been a great 
deal of anthropometric research undertaken in Papua New Guinea. With 
regard to the Central Highlands, heights and weights were recorded as
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part of general health and medical surveys (eg. Champness et al. 1960; 
Kariks et al. 1960; Walsh et al. 1966), and occasionally other 
dimensions such as head length and breadth (Ivinskis et al. 195 6) or 
skinfold thickness and arm circumference (Buchbinder and Clark 1971) 
were recorded.
Very few studies have specifically set out to examine 
anthropometric variability as part of a wider interest in patterns of 
local biological variation. In their analysis of stature variation in 
the Enga of the western Highlands (part of the 1955-1957 Sydney 
University/Nuffield Foundation Microevolution Project), Freedman and 
Macintosh (1965) identified significant differences in the 
distribution of stature both within and between different populations. 
Ignoring genetic drift as a possibly influential mechanism, the 
observation of a clinal gradient of decreasing stature from east to 
west was explained as the result of migration and hybridisation, with 
an immigrant group of taller people moving into the territory of an 
originally short-statured group. This clinal pattern in stature was 
compared with a similar pattern described for the distribution of the 
S gene of the MNS system (Macintosh et al. 1958) . Freedman and 
Macintosh (1965:302) concluded that the basic pattern of blood group 
variability previously described for the Central Highlands did not 
conflict with the migration/hybridisation model they derived from 
their analysis of stature variation.
The conclusion to the Sydney University/Nuffield Foundation 
Microevolution Project was an investigation of head form variation 
amongst the Enga (Watson et al. 1977) . A multivariate analysis was 
conducted on 20 head measurements collected from 217 males belonging 
to seven dialect and culture groups. Using a variety of generalised 
and size/shape distance analyses, it was concluded that although the
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total range of variation was great, it was also completely, 
unsystematic and that there was no evidence for the genetic 
infiltration of a distinct peripheral population into a pre-existing 
central population. Macintosh finally abandoned his hypothesis of 
irregular hybridisation as an explanatory model and conceded to an 
overwhelming body of evidence which implicated genetic drift and the 
founder effect as the primary factors involved (Watson et al. 
1977:94). Random genetic drift was cited as the agent responsible for 
the observed pattern of intergroup variation in head form.
An anthropometric reappraisal of the Waffa-speaking villages 
previously investigated by Giles et al. (1970) demonstrated that the 
three villages can be morphologically distinguished to a significant 
degree on the basis of a variety of head and body measurements 
(McHenry and Giles 1971). The relative contribution of genetic and 
environmental factors was investigated by dividing the variables into 
those with high and low estimates of heritability. These heritability 
estimates were determined on the basis of (a) a comparison with the 
results of twin studies conducted in the USA, and (b) an analysis of 
variance of the variables between and within sibships from within the 
sample villages. A series of discriminant function analyses using 
variable sets of both high heritability ( 'genetic' ) and low 
heritability ('environmental') discriminated the three villages to 
about the same degree, and the investigation concluded that 
heterogeneity in morphological variation between the villages is due 
to both genetic and environmental factors.
The only comprehensive anthropometric survey to have been 
undertaken in the Central Highlands is that of Littlewood (1972), 
conducted as part of the University of Washington's New Guinea 
Microevolutionary Project (Watson 1972). Of the 29 anthropometric
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variables examined, strong clinal variation was identified in a number 
relating to stature and its components, in three of the
circumferential dimensions and in head height. The variables that 
demonstrated the greatest differentiating power on a univariate basis 
were evenly divided between those of 'high' and 'low' heritability. A 
discriminant function analysis was also conducted on various language 
and village-isolate data sets, utilising a range of variables of both 
high (genetic) and low (environmental) heritability.
The results indicated that although most of the multivariate 
biological distances were largely due to ecosensitive variables, the 
clustering pattern of 'village complexes' and their internal
relationships sometimes violated ecological gradients indicated by the 
univariately determined dines. The similarities between and within 
these village clusters were interpreted as a response to observed 
genetic (or migrationary) relationships. The observation that there 
is a good agreement between the results of the discriminant analysis 
and Littlewood's inferences concerning intermarriage and migrationf 191^} 
based on ethnography suggests that at the 'village complex' level, 
genetic forces (in this case gene flow) may predominate.
2.3 Craniometry in Papua New Guinea
Until recently, studies of craniometric variation in Papua New 
Guinea have relied exclusively upon museum collections. It is clear 
from a review of these collections that the majority derive from 
coastal and lowland locations (Pietrusewsky 1986). A coastal-lowland 
bias is to be expected given that European expansion into New Guinea
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at the turn of the century (when most of these collections were 
amassed) was extremely limited and mostly confined to the coastal 
fringe. By the time exploration of the Central Highlands began in the 
late 1920's (Connolly and Anderson 1987) it was no longer fashionable 
to make large collections of human crania. This would appear to be 
the primary reason why the Central Highlands are not represented in 
any museum collections apart from isolated crania held in the National 
Museum and Art Gallery of Papua New Guinea. These crania are few in 
number and their provenance is highly uncertain.
It is not surprising, therefore, that only a single study of 
cranial variation from within the Central Highlands region has ever 
been reported. Wood-Jones (1936) described four adult male crania 
(two with mandibles) reported to be the victims of recent intertribal 
warfare. The crania were apparently donated by a Captain Maclaren who 
collected them from the Purari Plateau; Wood-Jones cites Chinnery 
(1934) and Spinks (1934) for descriptions of this area. Spink's 
delineation of the Purari Plateau encompasses the elevated area 
bounded by the Upper Ramu River on the southeast, the middle Ramu on 
the northeast, the Mount Hagen country on the west and roughly the 
Papuan border on the south (Spinks 1934:412) . This area coincides 
with part of the region currently referred to as the Central 
Highlands. Wood-Jones does not provide any details in his text 
concerning the provenance of these crania, but in his figure captions 
he labels them as "Benabena. Purari" (Wood-Jones 1936: Figures 1-4). 
Bena Bena is today a political division and cultural region within the 
Eastern Highlands Province, at the eastern end of the Central 
Highlands proper.
Wood-Jones' (1936) paper is of limited value. He did not provide 
any measurements and his anatomical descriptions were cursory. He
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concluded that the four crania belong to a homogeneous series and that 
the 'Purari tribes' do not differ significantly from any of the other 
'well-known tribes' of Papua New Guinea.
Many of the other early papers dealing with cranial variation in 
Papua New Guinea are the product of the typological approach then in 
vogue in physical anthropology (Pietrusewsky 1983) . Many of them were 
primarily concerned with anatomical or metrical descriptions for the 
regions being reported (Mantegazza and Regalia 1881; Sergi and Moschen 
1888; Dorsey 1897; Gray 1901; Spittall 1904-1906; Berry et al. 1910; 
Helguero 1912; Kassbacher 1931), and very little comparative work was 
attempted. These few attempts utilised typological models which 
explained regional variation as the result of migration and 
hybridisation of different racial types ranging from African Negroes 
to Dravidians and Southeast Asian Negritos (Allen 1878; Flower 1885; 
Brown 1886; Bijlmer 1923; Buxton 1935; Hambly 1940, 1946; see Wagner 
1937 for a review of many of these papers).
The investigation of interpopulation cranial variability within 
the local Papua New Guinea region did not start until the late 1930's. 
Hambly (1940) examined 17 samples from both the north and south coasts 
and found a statistical justification for pooling the individual 
samples into a single homogeneous group representative of Papua New 
Guinea as a whole. He concluded: "...apart from the interior tribes, 
for whom skull measurements are not available, there is considerable 
uniformity in the Papuo-melanesian types of New Guinea" (Hambly 
1940:258). In a later comparison of crania from Melanesia, Australia 
and east Africa, Hambly (1946:61) remarked upon their similarity and 
commented
It is by no means improbable that the explanation of all 
these cranial likenesses is to be found in the 
prehistorically remote contribution of Negro traits from a
region that Sir Arthur Keith has referred to as the "Black.
Belt" of Southern Asia.
Hambly's observations and phylogenetic reconstructions are in 
conflict with the results of more recent investigations involving 
metric and non-metric data. However, with a single exception to be 
discussed below, none of these has fully examined the question of 
local variability within Papua New Guinea itself. Rather, they use 
cranial data from the region in a comparative context to either 
address questions of methodology in determining ethnicity (Larnach and 
Macintosh 1966, 1970) or to investigate the phylogenetic history of
the southwest Pacific (Kellock and Parsons 1970; Macintosh and Larnach 
1973; Howells 1973a, 1976a; Giles 1976). The cranial samples that are 
taken as representative of Papua New Guinea in some of these studies 
are in fact geographic composites from diverse areas: Larnach and
Macintosh (1966, 1970) used a sample of 35 crania collected from the
Papuan Gulf, Fife Bay, the headwaters of the Sepik River and a few 
unrecorded localities, while Giles (1976) used a combined sample of 
Sepik River and Purari River Delta crania. Alternatively, the region 
has been characterised by a single, geographically discrete sample, 
such as the Tolai cranial sample from New Britain used by Howells 
(1973a, 1976a) .
Pietrusewsky's (1973a) investigation is the first and only paper 
to specifically examine regional cranial variation within Papua New 
Guinea itself. In that paper he applied both a generalised distance 
and a discriminant function analysis to five cranial samples: two
archaeological assemblages (Nebira and Eriama), two field collections 
actually examined in the field (the Upper Markham Valley and the 
Trobriand Islands), and a museum collection from Goaribari Island in 
the Papuan Gulf. The results indicated a homogeneous clustering of
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four of the samples (Nebira, Eriama, the Upper Markham Valley and
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Goaribari Island), and this was interpreted as reflecting geographic 
rather than linguistic distances between the samples involved.
These same five samples were later compared with others from 
Polynesia, Fiji, Guam and southeast Asia (Pietrusewsky 1976). The 
same multivariate techniques were applied to craniometric data, and an 
examination of non-metric data was also undertaken. The two 
methodologies (metric vs. non-metric) implied slightly different 
internal relationships, and Pietrusewsky accepted the non-metric over 
the metric results on the premise that discrete traits are probably a 
more accurate reflection of genetic similarity (Pietrusewsky 1976:68). 
The non-metric results indicated a strong association between the 
archaeological samples from Nebira and Eriama, with these two groups 
clustering separately from the remaining New Guinea samples. Guam and 
Hawaii clustered with this latter New Guinea group. The samples from 
Polynesia and Fiji formed a third discrete cluster, whereas the 
southeast Asian samples were dispersed throughout the archaeological 
and the contemporary Melanesian and Polynesian clusters. Pietrusewsky 
concluded that there was a marked separation between New Guinea 
(Melanesia), Polynesia and southeast Asia, and confirmed this 
observation in a later series of investigations expanding the 
Polynesian and Asian samples (Pietrusewsky 1974, 1977, 1978) .
Pietrusewsky has also examined the relationship between New Guinea 
and Australia, again using both metric and non-metric data 
(Pietrusewsky 1979, 1984). The craniometric results recognised two 
basic morphological complexes, Australia-Melanesia and Polynesia-Asia, 
while the non-metric results suggested a single major complex, 
Melanesia- Asia, with a relative isolation of both Australia and 
Polynesia from the cluster and from each other (Pietrusewsky 1984).
Whilst Pietrusewsky views the Melanesian-Asian non-metric cluster as
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possibly reflecting ancestral ties among the region's early 
inhabitants, reminiscent of Howell's 'Old Melanesia' (Howells 1976b; 
see Pietrusewsky 1984:41), this clustering pattern is in basic 
disagreement with the craniometric results which coincide with the 
findings of many other studies in identifying an Australo-Melanesian 
complex with internal distinctions (Wagner 1937; Howells 1973a, 1973b, 
1976a; Giles 1976).
Pietrusewsky's most detailed craniometric data set from Papua New 
Guinea includes 10 mainland and island samples which are compared with 
samples from Island Melanesia, Micronesia, Polynesia and southeast 
Asia (Pietrusewsky, in press). On the basis of this data set, samples 
from the northern region of the island of New Guinea differ from those 
in the south, which in turn are further separated from the Bismarck 
Archipelago. He finds the inclusion of the Admiralty Islands within 
an Indonesian-Polynesian complex surprising, but cites Green (1979) in 
suggesting that it could parallel linguistic arid archaeological 
evidence for the origin of the Lapita complex. Pietrusewsky concludes 
with the comment that the results imply a great homogeneity for the 
Melanesian region generally, and a further homogeneity between 
Australia and Melanesia in contrast to that observed between Indonesia 
and Polynesia.
Before concluding this review, it is appropriate to mention the 
results of the only examination conducted on Papua New Guinea's oldest 
human skeletal remains, the Aitape cranial fragments. Discovered at 
Aitape on the northwest Sepik coast in 1929 and dated to 5,000 BP 
(Hossfeld 1964, 1965), the fragments consist of a complete frontal and 
the anterior elements of both left and right parietal bones. On the 
basis of a metrical and morphological comparison with other crania 
from the Sepik River, the south Papuan coast and Australia, Fenner
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(1941) concluded that the individual represented by the remains (a 
female approximately 45 years of age) "...seems to correspond more 
closely with the Australian than the New Guinea type, although the 
latter is admittedly very variable" (Fenner 1941:353).
2.4 Summary
It is now appropriate to draw some conclusions concerning the 
earlier investigation of biological variability in Papua New Guinea.
1. The observation of extreme genetic heterogeneity both between 
and within samples has characterised studies of populations from 
throughout Papua New Guinea, including not only the Central Highlands 
but highland fringe, lowland and coastal areas.
2. These observations are largely based upon genetic 
investigations, although a number of anthropometric and dermatoglyphic 
analyses reinforce the view. Heterogeneity in the genetic and 
anthropometric systems is explained as the result of a complex 
interplay between microevolutionary factors such as genetic drift and 
gene flow, and other factors related to geography, language and 
marriage custom. There is some indication that dermatoglyphic 
variables may have a greater stability in an evolutionary sense and 
therefore more faithfully reflect phylogenetic associations.
3. Many genetic studies clearly separate the Central Highlands 
from the rest of Papua New Guinea, and imply a relative antiquity of 
settlement and an historical isolation for this region. Phylogenetic 
reconstructions based on dermatoglyphic evidence tend to support this
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view, although they also point to restricted paths of gene flow 
between the Central Highlands and the coastal-lowland region.
4. Anthroposcopic studies of head form within Papua New Guinea 
are limited, particularly within the Central Highlands region. 
Observations of local population heterogeneity based on the analysis 
of head form variation have previously been explained in terms of 
random sampling effects and genetic drift.
5. Only a single analysis of crania from the Central Highlands of 
Papua New Guinea has been published; the results are of limited value. 
A few craniometric and non-metric investigations that incorporate 
samples from mainland Papua New Guinea generally describe a relatively 
homogeneous clustering of these samples distinct from the rest of 
Melanesia.
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CHAPTER 3
THE ACQUISITION OF DATA
3.1 Introduction
To most physical anthropologists interested in skeletal variation, 
the term 'fieldwork' implies either a tour of museum collections to 
record primary data or a search for previously published data of 
relevance to the study at hand. Very rarely are field-located 
skeletal samples specifically sought for the data that they may bring 
to bear. This chapter discusses the nature of skeletal samples 
generally, the inescapable biases that affect their proper use in the 
investigation of population variability and structure, and some of the 
more specific problems that result from the use of various skeletal 
data sources. The specific process of data acquisition is described, 
as are a number of extraneous factors beyond the control of the 
fieldwork design and which have a bearing on the composition of the 
final data set. The origin and composition of the samples to be used, 
the selection and definition of the variables recorded and the 
fieldwork protocol are all described in some detail.
3.2 The Nature of Skeletal Samples
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An accurate description of the provenance of any skeletal sample 
to be used in a comparative study of population variability is 
essential. Without it, there is no way of knowing just what is 
represented by each sample, and whether or not the comparison is a 
valid exercise that will permit a meaningful result. Although this 
would seem to be rather axiomatic, the lack of chronological control 
over many skeletal collections is a complicating factor often ignored 
or given only cursory consideration in most skeletally-based studies.
In any biological investigation of population variability, the 
identification of the group of interest as a valid biological entity 
is paramount (Harpending 1974). Mayr (1963:136) has described a 
biological population as
a community of potentially interbreeding individuals at a 
given locality. All members of a local population share in a 
single gene pool, and such a population may be defined also 
as a group of individuals so situated that any two of them 
have equal probability of mating with each other and 
producing offspring.
Such a description allows a necessary flexibility in defining the 
group of interest, for different problems will require different 
population levels of analysis. In a sense, the specific definition of 
the group of interest is arbitrary and depends to a large extent on 
the sampling procedure utilised.
Fix (1979) has pointed out, however, that allowing flexibility in 
definition does not mean that such definition should not be 
operational. The groups of interest still need to approximate as 
closely as possible to the concept of a true biological population, 
and in the case of living human populations, a number of features such 
as the degree of endogamy or the rate of internal migration have been
used to demonstrate this.
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The quantification of population variability as it occurred in the 
past and the analysis of evolutionary and environmental mechanisms 
that have acted upon the populations in question depend entirely upon 
the analysis of skeletal remains. The only alternative is the 
inferential assessment of these processes via the comparison of data 
from living populations.
However, the temporally uncontrolled nature of almost all skeletal 
samples prevents their assessment as biological populations (Cadien et 
al. 197 6) . The time span represented by a skeletal sample will in 
most cases be greater than any one individual's life span, and the 
sample will consequently contain individuals who were never 
simultaneously alive and who therefore had absolutely no probability 
of mating. This contravenes Mayr's definition in the strict sense, in 
that all members of a biological population must share in a single 
gene pool and have the potential to interbreed. Instead, a skeletal 
sample should be viewed as a sample of a temporally ordered sequence 
of populations which presumably have some genetic continuity (Cadien 
et al. 197 6) . In other words, a skeletal sample may be a sample of 
one or more lineages.
Cadien et al. (197 6) further argue that the biologically relevant 
characteristic of a lineage, in evolutionary terms, is the temporally 
sequenced set of parameters (such as means, variances, or frequencies) 
that define the populations constituting the lineage. Following from 
this, a sample of a lineage cannot be representative of the lineage as 
a whole because it can never be determined whether or not the sample 
is in fact characterising each and every constituent population. It 
is inappropriate, therefore, to compare two or more skeletal samples 
and claim that they are truly representative of the lineages from 
which they derive. This is not to imply that there are no comparisons
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of samples and inferences from such samples which may be correct. 
Rather, Cadien et al. (1976) demonstrate that while a statement
concerning lineage similarities may be correct, there is no way of 
knowing whether it actually is.
Cadien et al. (1976) provide salutary criticism of the often 
indiscriminate use of skeletal samples in the investigation of 
population variability and phylogenetic history, particularly when 
comparisons are made between mathematical models and empirically 
derived data sets. If we choose to work with data from populations 
that are truly representative of their time, however, then we are 
forced to use skeletal samples. In so doing, we must attempt to 
recognise their inherent biases and minimise the errors involved in 
their comparison. Such action is best effected when the provenances 
of the individual samples involved are fully known, to the point where 
some comment is possible concerning the interrelationships of the 
constituent members of each sample.
3.3 Sources of Skeletal Data
There are three major sources of skeletal data:
1. Data that have been recorded by others and published or 
otherwise made available.
2. Skeletal collections that have been assembled by others, but 
which allow primary data recording.
3. Skeletal remains located outside museums or other institutions, 
usually at their original point of deposition, and again allowing
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primary data recording. Such locations include ossuaries, cemeteries 
and individual grave sites.
Apart from specific criticisms discussed below, the major reason 
for initially rejecting the first two sources listed above is the 
simple fact that there are no published data of any sort, nor museum 
collections available, which contain skeletal remains from the Central 
Highlands of Papua New Guinea, the region of particular interest in 
the present study. An alternative source of data had to be 
considered, and so the field option was investigated and eventually 
followed up.
The field collection of data was not restricted to the Central
Highlands, but included visits to a wide range of localities
throughout the northern, eastern and southern lowland and coastal
regions. Although costly in terms of time and finance, extending the 
fieldwork component to include these non-Highlands areas as an 
alternative to collecting data from either museum collections or 
published sources (both available) was initially seen as desirable for 
a number of reasons.
The comparison of data sets derived from a number of different 
published sources is often plagued by inconsistencies in the 
definitions of the variables employed. More importantly, however, a 
ubiquitous and disturbing degree of measurement imprecision has been 
identified between different observers in the recording of 
craniometric data (Utermohle and Zegura 1982), to the point where a 
real potential for error exists in conclusions that are drawn from 
data sets compiled by more than a single observer (Utermohle et al.
1983) .
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A major problem that detracts from the value of museum collections 
as a data source is the generally poor quality of their documentation. 
This problem is particularly acute for most of the known museum 
collections of crania that derive from Papua New Guinea. Many of the 
early European collections consist of highly decorated ancestral or 
trophy skulls which were presumably gathered by ethnographers for 
their cultural rather than their biological significance (Pietrusewsky 
1983) . In most cases there is very little temporal control over the 
material. Furthermore, crania are often simply labelled as coming 
from 'New Guinea'. More specific information regarding provenance 
normally only carries to loose regional divisions such as 'North 
Coast' or 'Papuan Gulf', and although such categories might be 
adequate for the purposes of a pan-Pacific study, they are far too 
generalised for use in an analysis of local population variability. 
Unfortunately, the recorded provenance for the majority of available 
museum crania is not sufficient to go beyond such broad categories.
Skeletal samples that derive directly from field locations are a 
better source of data because there is better control over their 
provenance. They can either be excavated in an archaeological 
context, or they can be found as surface deposits within ossuaries. 
Primary or secondary deposition of the dead in ossuaries was a common 
traditional mortuary practice throughout Papua New Guinea (Gorecki 
1979), and the potential of such field accumulations for sources of 
skeletal data has already been explored by Pietrusewsky (1973a). His 
Markham Valley sample of 89 adult crania was derived from five 
rockshelters in the vicinity of Biring, a village near the 
administrative centre of Kaiapit in Morobe Province. A further 77 
adult crania were recorded from 11 cave and rocksheiter sites near 
Kaibola on the northeastern corner of Kiriwina Island, Milne Bay
Province. Pietrusewsky demonstrated that in at least two areas of
38
Papua New Guinea, it has been possible to record metric and non-metric 
cranial data in the field.
Although in many cases it is not possible to determine the 
identities of all the individuals represented in any one ossuary, 
certain social and demographic factors act to restrict the eligibility 
of any person for ultimate deposition in such a place. On the basis 
of verbal evidence I collected whilst in the field, many individual 
ossuary sites were used exclusively by a single local group which in 
many cases probably equated with a single clan or a number of closely 
related clans. There were a number of occasions in the Central 
Highlands where the people living closest to an ossuary had no 
information as to whom it belonged, even though they had been in the 
area a long time and had traditionally used nearby caves and 
rockshelters for their own ossuaries. These people would never have 
used the ossuary of another group, known or unknown, as their own.
Although the exclusive use of these ossuaries by the same local 
group means that some degree of genetic continuity is maintained 
within the lineage samples they represent, it is almost impossible to 
assess exactly when and for how long an ossuary was in use without 
dating every individual represented. A combination of certain 
cultural and environmental factors serves, however, to limit the 
temporal range, both relatively and absolutely, of any one ossuary.
Firstly, the tropical nature of the local environment promotes the 
rapid degradation of bone, although such environmental effects will 
vary depending on the degree of protection afforded by the ossuary's 
location. When this is combined with the destruction of skeletal 
remains through rodent and other faunal predation, the result is 
probably a very short 'lifespan' for initially intact crania. Given 
that only relatively complete crania were included in the present
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study, it is reasonable to assume that such crania are of recent 
origin.
Secondly, social and demographic factors related mostly to warfare 
ensured that people were constantly moving to new territory (Brown 
1978:99; Feil 1987:85-88). Given a reduction in the degree of 
accessibility to traditional ossuaries due to increases in distance 
between new home territories and these ancestral sites, and also the 
possibility of restricted travel due to new territorial boundaries, 
the length of time that most ossuaries would have been in use could be 
anticipated to have been quite brief. This assumes that individual 
ossuaries will have been contributed to over a single period of use, 
and that the time-span of such a period will be restricted due to 
factors promoting migration.
The combined effect of these temporally limiting factors will 
serve to limit the number of generations represented at each ossuary, 
if this is taken as a simple function of the duration of site use. 
Therefore, while agreeing with Cadien et al. (1976) that skeletal 
samples derived from such ossuaries should not be equated with 
biological populations in the strictest sense, we have at least some 
understanding of the factors affecting their composition.
3.4 Deriving the Field Samples
Concluding that ossuaries are a valuable source of cranial data is 
one thing. It is quite another to determine that such sites exist in 
sufficient numbers and contain enough crania in a suitable state of 
preservation to enable the study to proceed. The first task was to
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establish that there were in fact sufficient crania situated in 
accessible locations.
My initial sources of information were largely anecdotal. Written 
ethnographic sources contain few specific references to ossuaries in 
Papua New Guinea, although publications such as the Niugini Caver and 
Walkabout often refer in passing to areas where skeletal remains have 
been observed. Such references usually only mention the presence of 
remains, however, and have little to say about the number of 
individuals represented or their condition of preservation. Verbal 
descriptions of ossuaries and their location, and the names of 
possibly helpful local informants, were supplied by a number of people 
who had previously undertaken research in Papua New Guinea. Of 
particular help in this regard were members of the Department of 
Prehistory, R.S.Pac.S., Australian National University, who first 
pointed out to me the potential of using local ossuaries as a source 
of cranial data.
The major source of information regarding the location of suitable 
ossuary sites was the national archaeological and traditional site 
file maintained by the Department of Prehistory at the National Museum 
and Art Gallery of Papua New Guinea, Port Moresby. The number of
sites described as containing crania is extensive, but again
information regarding the numbers of crania present and their
condition of preservation is scant. There is also a bias in the 
localities from which ossuaries have been recorded, a result of the 
particular geographic interests of the people who first recorded them. 
The archaeological and traditional site file is not the result of a 
systematic survey; it is mostly a compilation of sites that have been 
visited and recorded by people with a wide range of research
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interests. This means that there are large areas of Papua New Guinea 
not represented in the file.
A list of ossuaries considered to be worth visiting was compiled 
on the basis of these various sources of information, bearing in mind 
the aims of the study and the need for a geographically representative 
series of samples.
Written applications for permission to conduct field research were 
submitted to the Papua New Guinea Department of Immigration and Trade, 
to the Institute of Papua New Guinea Studies, and to eight Provincial 
Governments of which all but one responded favourably. The one 
rejection was later withdrawn as a result of personal interviews.
The favourable responses I received at the Provincial level were 
most gratifying, coming as I was from an Australian situation at the 
end of 198 4 where a legal and moral debate over the ownership of 
museum collections of Aboriginal skeletal remains was reaching fever 
pitch. I was very conscious of the fact that not only did I want to 
examine human skeletal remains belonging to people from a culture very 
different from my own, but that I wanted to do this in their own 
homes, as it were. I could not forsee at the time what the local 
attitudes would be to a foreigner wanting to examine ancestral 
remains.
In granting the necessary permission to conduct fieldwork, the 
Provincial Governments outlined their individual policies on my 
responsibilities to the Government and to the people of the Province, 
especially with regard to local community liaison. However, the 
situation in Australia had already compelled me to consider my own 
personal and professional attitude to the work I was about to 
undertake, and when considering an appropriate liaison strategy I kept
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one thought uppermost in my mind: the crania I wanted to examine 
belonged to the local people. I had clear moral and professional 
obligations to the people with whom I was going to be working, and I 
had to abide by their decisions, whatever their reasons.
My liaison strategy was therefore quite simple: to ensure that the 
local people understood as fully as possible the nature of my research 
and my reasons for conducting it, and that decisions regarding 
permission for me to carry out the work were entirely for them to 
make. For some of the village communities I visited, the mere fact 
that I was a white Australian would have been enough to influence 
their decision in my favour irrespective of traditional belief or 
custom. In these situations I always took care to present myself as 
simply and straitforwardly as possible, with no attempt to influence, 
and emphasising their right to make decisions as they felt proper.
Over the space of 13 months of fieldwork, I examined and recorded 
data from 43 of the 45 ossuary sites I had originally intended to 
visit. This success was due to a range of local attitudes and 
experiences which are discussed below. The custodian of one of the 
sites which I was refused permission to visit was at the time being 
prosecuted by the National Government, and he saw me as being a 
Government representative and therefore persona non grata. In the 
other case, the local people were afraid that I would advertise the 
location of the ossuary to expatriate souvenir hunters who would 
vandalise the site. This was a legitimate concern, for I came across 
many instances of vandalism and theft of human skeletal remains, 
apparently by white expatriates.
The success of my fieldwork season, in terms of the number of 
sites to which I was granted access, is partially the result of the
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liaison strategy. There were also a number of other contributing 
factors.
The length of time people had lived in the area is one factor 
already briefly mentioned. On many occasions, and particularly in the 
Central Highlands, I would be given permission to visit a site by a 
member of a particular local group, even though the ossuary itself 
contained the remains of people from a completely unrelated and (more 
often than not) unknown group. A combination of features relating to 
both the physical dislocation of people as a result of social, 
demographic and environmental pressures and the absence of a strong 
oral history tradition often resulted in ossuaries where the local 
landowners knew nothing of the ownership of the skeletal remains. In 
such cases, the local people felt no obligations to the skeletal 
remains nor to the memory of the people they represented, and were 
qnite happy for me to examine the remains. In a few cases, they even 
offered to sell them to me.*
There were of course many ossuaries where the local people 
accorded a great deal of respect to the remains of unknown people. 
There were also ossuaries where the local people could identify the 
remains of known individuals and mentioned strong traditional 
relationships with the sites. As long as an appropriate degree of 
respect was shown, however, access to these sites and permission to 
handle the remains were never a problem.
Secondly, many of the ossuaries I visited in Papua New Guinea had 
been previously recorded by people conducting research in related 
fields such as prehistory, socio-cultural anthropology and 
linguistics. The liaison process in these areas was considerably 
eased: I would remind the local people of the earlier project and 
relate my own work to it in some way. While the local people did not
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always fully comprehend the specific nature of my project, its 
comparison in a general sense with these previous investigations often 
eased local concerns.
A third factor, current religious affiliations, is the result of 
an assessment based on personal experience. I offer it, however, as 
an observation on current attitudes in Papua New Guinea with regard to 
the treatment of the dead.
Most of the major Christian missionary organisations are 
represented in Papua New Guinea. These range from moderate to 
fundamentalist groups and the result is a diverse range of attitudes 
throughout the local communities as to how they should relate to their 
'pagan' ancestors. My personal experience is that the moderate 
organisations tend to provide a religious perspective that is tailored 
to suit local traditions in many details, thus allowing a continued 
respect for the unconverted dead. I found the local people exposed to 
such ideas to be relaxed and comfortable in their decisions to allow 
me access to their ancestral burial sites.
On the other hand, the overt attitude of many local people living 
in fundamentalist areas was that the physical remains of their non- 
converted ancestors are beyond redemption and so therefore should be 
ignored. Permission to visit and examine ossuaries in these areas was 
freely given. Yet there were times when I was aware of conflicting 
emotions and uncertainty: conflict between older members of the 
village who maintained traditional beliefs and younger people who 
followed the new religion; and sometimes, uncertainty in the minds of 
the converts themselves. Brave smiles and a joking behaviour often 
gave way to a more solemn attitude and occasionally outright fear when 
we visited the local ossuaries. In one instance, it was almost as if 
by allowing me access to the ossuary that I wanted to visit, the
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landowner concerned was demonstrating his new-found faith not only to 
me, but to himself.
I should point out that in situations where there was an apparent 
conflict between individuals within a community as to whether I should 
be allowed access to an ossuary, I took my cue primarily from the 
landowner or designated custodian, and then from the majority opinion. 
Furthermore, apart from a single occasion, I never visited an ossuary 
unaccompanied.
3.5 Field Methodologies 
3.5.1 Fieldwork Protocol
Once permission was given to visit a site, the actual protocol of 
field examination was quite simple. It is described in the following 
sequence.
1. Upon arrival at the site, a preliminary examination was 
undertaken to determine its boundaries and its contents. Careful note 
was made of the relative positions of the skeletal elements, 
particularly the crania, and a sketch plan of the site was drawn.
2. The site was then recorded using the standard site record form 
distributed by the National Museum and Art Gallery of Papua New 
Guinea. Special attention was paid to features of either an 
archaeological or an ethnographical nature, particularly mortuary 
items and related funeral structures. The total number of crania
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present was recorded and used as an estimate of the minimum number of 
individuals represented in the ossuary.
3. The field equipment, consisting basically of a small folding 
camp table and chair and a camera tripod, was set up. This required 
only two square meters of level ground (in some cases all that was 
available).
4. The crania to be recorded were then selected and consecutively 
numbered, the number being written in pencil on the frontal bone 
whenever possible. In the few cases where I was asked not to mark the 
crania in any way, identification numbers were assigned to individual 
crania only when it came time to actually record data from them. In 
most of the other cases where permission to mark the crania was given,
I was asked to erase any pencil marks at the end of the examination. 
The criteria for selection were basically the degree of preservation 
and the determination of dental maturity (discussed below). Crania 
were only selected if they preserved most of the face and vault 
intact.
5. When it came time to record the individual crania, they were 
first cleaned of as much external debris as possible, using dental 
picks and fine-bristled brushes. Anatomical landmarks such as 
glabella, auriculare, inion and opisthocranion (and sometimes bregma 
and lambda if the sutural intersections were not clear) were marked 
with a pencil (if permitted) to assist in their accurate relocation. 
A visual estimation of sex was then recorded (described below). 
Finally, the metric, non-metric, anatomical and pathological variables 
were recorded. The criteria for selection and the final composition
of the variable list is also described below.
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6. Once the crania were recorded, they were photographed in 
standard frontal and lateral (usually right side) views using black 
and white film and including a ten centimeter photographic scale. No 
attempt was made to orient the crania in any predefined anatomical 
plane (e.g. Frankfurt horizontal), nor was the positioning of the 
camera relative to the cranium held at a carefully set distance. The 
purpose of photography was mainly as a source of visual recall, an 
important feature when it came time to test the field determination of 
sex against a multivariate probability check. Crania were simply 
balanced on the edge of the camp table and propped up using pieces of 
foam rubber to sit at an approximation of the normal anatomical 
position. The camera, a Pentax K1000 using a 50 mm lens, was mounted 
on a tripod at all times for black and white photography and placed so 
that the cranium filled the field of view when in lateral aspect. 
Some colour photographs were also taken of a selected series of at 
least five male and five female crania from each region. These 
included frontal, one lateral (usually right), superior and posterior 
views, and were taken for illustrative purposes and public 
presentation.
7. Once the photography was completed, the site was cleaned of any 
debris that resulted from our visit and the crania were returned to 
their original positions, as closely as could be determined. The 
geographic location of the site and any historical or ethnographic 
information relating to it was then recorded, preferably on site, but 
back in the village in the few cases where the principle informant was
too old or incapacitated to accompany us.
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3.5.2 Field Determination of Age and Sex 
Age
Only skeletally mature adult individuals have been included in the 
present study. The field criteria for the determination of skeletal 
maturity were ossification of the spheno-occipital synchondrosis and 
the complete eruption of the maxillary third molars into occlusion.
In general, ossification of the spheno-occipital synchondrosis in 
males commences between 13 and 15 years of age and is completed by 20 
years; in females, ossification commences between 11 and 14 years of 
age and is completed by 17 years (Anderson 1978: fig. 10-9 with text). 
Powell and 3rodie (1963) found, however, that the latest age for 
ossification of the synchondrosis in 205 North American males was 17 
years 7 months, and in 193 females, 14 years exactly. While there 
seems to be some variation in determining the age of ossification, it 
is generally agreed that ossification of the synchondrosis indicates 
skeletal maturity (Anderson 1962; Brothwell 1981).
A more reliable technique for the determination of skeletal 
maturity is eruption of the third molar into occlusion (Brothwell 
1981 : 65) . The maxillary third molar generally erupts into the oral 
cavity between the ages of 17 and 21 years (Scott and Symons 1977:23), 
and the mean ages of eruption as recorded in three different regions 
of Papua New Guinea (16.4 years in Lae, 19.2 years in Kaiapit and 18.7 
years in Bundi) fall approximately within this range, exhibiting only 
minor variation between the sexes (Malcolm and Bue 197 0) .
In the present study, an individual cranium was assessed as being 
skeletally mature if both the spheno-occipital synchondrosis had 
ossified and at least one of the maxillary third molars had erupted. 
Greater emphasis was placed on the dental eruption sequence. In cases
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where neither of the third molars were present due to either 
congenital absence or antemortem or postmortem loss, the degree of 
ectocranial suture fusion and the general condition of occlusal wear 
were noted.
Sex
The sex of all crania examined in the field was visually 
determined using standard observational criteria (Bass 1971:72-74; 
Brothwell 1981:59-61) . Such a method is based upon the observation 
that the male cranium is robust and more strongly developed for the 
attachment of muscle origins and insertions. Absolute differences 
seldom exist, however, and intermediate forms are quite often observed 
(Bass 1971:72).
The development of morphological or metrical techniques for 
determining the sex of isolated crania has always involved a 
persistent 10-20% error which can be attributed to the intrinsically 
variable nature of the human skeleton (Brown 1981a). In a series of 
blind experiments conducted by experienced physical anthropologists on 
crania of known sex, the correct assessment of sex was restricted to 
between 77% and 87% (reported in Giles and Elliot 1963) .
Attempts to standardise the determination of sex for isolated 
crania have resulted in the development of a number of methodologies 
using either morphological or metrical variables (for reviews see 
Giles and Elliot 1963; Larnach and Freedman 1964; and Brown 1981a). 
The validity of their use over a range of different populations, both 
local and racial, has been investigated by Brown (1981a), who advises 
caution when applying the different techniques to crania from 
populations other than those on which the techniques were originally
developed.
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Specifically, Brown (1981a) demonstrated that when the Larnach and 
Freedman morphological and metrical sexing technique (Larnach and 
Freedman 1964), originally developed on a sample of coastal New South 
Wales crania, was applied to a sample of independently sexed crania 
from the Murray River region, the accuracy of the technique was 
significantly reduced. Brown (1981a) attributed this to a high degree 
of regional morphological variation within Australia.
Given Brown's observations, and the fact that the present study is 
itself an examination of regional morphological variability within 
Papua New Guinea, I felt that it was inappropriate to apply any of the 
sexing techniques developed using cranial series outside of Papua New 
Guinea. An obvious alternative would have been to derive my own 
technique using a sample of crania from Papua New Guinea which could 
be independently sexed through associated postcranial remains, or 
where the sex of individual crania could be identified from postmortem 
or medical school records. Unfortunately, no such samples exist. The 
initial field determination of sex has therefore been restricted to a 
direct visual assessment. A multivariate metrical check of these 
visual determinations using a probability classification procedure is 
described in Chapter 4.
3.5.3 Variable Selection
It is likely that the ossuaries I examined during fieldwork in 
Papua New Guinea will never again be visited for the purposes of 
recording skeletal data. This was a major factor in determining which 
variables were to be included in the present study, and I initially 
wanted to record as many as possible. There had to be a compromise,
however, between the total number of skeletal variables that it was
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possible to record and the number of variables that I could 
successfully manage given time restrictions and the aims of the study.
I therefore chose to ignore the postcranial skeleton and concentrate 
instead on recording a wide range of cranial and mandibular variables. 
The variable list initially decided upon before commencing fieldwork 
included 67 cranial and 10 mandibular metric variables, 18 cranial and 
three mandibular non-metric variables, 12 cranial anatomical 
variables, and one skeletal (cribra orbitalia) and one dental (enamel 
hypoplasia) pathology. The pathologies were included largely because 
of my personal interests.
Two factors were paramount in deciding the initial composition of 
the metric variable list. First, I wanted to maintain a broad range 
of facial, vault and mandibular variables which would reflect the 
exploratory nature of the present study. Secondly, I wanted the 
option of being able to compare the results of my own investigations 
with data recorded in other studies, particularly those of Brown 
(1982) and Pietrusewsky (1984, 1986) on prehistoric and contemporary 
Australian, Melanesian and Polynesian samples. Although I have since 
decided to abandon this latter option for reasons already discussed, 
the variable lists of Brown (1982) and Pietrusewsky (1984, 1986), as 
well as those of Yamaguchi (1967), Howells (1973a, 1976a), Thorne 
(1975) and Giles (1976), and the observations based on these, were 
carefully considered when deciding the final metric variable list.
In selecting the non-metric variables to be recorded, I took 
advice from Dr. Colin Pardoe on the basis of his investigation of non­
metric cranial variability in prehistoric Australian Aboriginal 
populations (Pardoe 1984) . From his original list of 45 variables, 
Pardoe suggested 18 which he believed might prove useful in the 
investigation of population variability in Papua New Guinea.
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The anatomical variables identified by Macintosh and Larnach 
(1973) as distinguishing Australian Aboriginal cranial samples from 
Papua New Guinea samples were included for two reasons. They not only 
enable some comparative comment on the anatomy of the cranium, they 
also allow an investigation of their discriminatory power when a range 
of truly regional samples from Papua New Guinea is compared with east 
coast Australian samples, instead of using the single, aggregated 
sample from Papua New Guinea used by Macintosh and Larnach (1973) .
Modifications to the variable list were inevitable. It became 
apparent after recording data from the first three or four ossuaries 
that mandibles were rarely preserved intact. Further recording of the 
metric and non-metric mandibular variables was therefore abandoned. 
Similarly, teeth were rarely if ever found intact within their 
maxillary alveoli, so that it would have been impossible to relate the 
incidence of enamel hypoplasia to any specific individual or 
subcategory within the ossuary samples. The recording of enamel 
hypoplasia was therefore also dropped from the variable list. Lastly, 
a further three metric cranial variables (nasofrontal articulation, 
nasion-prosthion and glabella prominence) were added to the variable 
list immediately prior to the commencement of fieldwork.
The final list of 7 0 metric, 17 non-metric and 11 anatomical 
cranial variables recorded in the field and presented in this study 
are given in Tables 1, 2 and 3 respectively. All of the metric 
variables are chord measurements recorded directly from the crania 
using standardised equipment (GPM sliding, spreading and coordinate 
calipers). All linear dimensions were recorded to the nearest 
millimeter. Descriptions and definitions of all the variables 
recorded are given in Appendix 1. The presence or absence of cribra 
orbitalia was also recorded following Webb (1982), although his three
Table 1. Metric variables
Maximum bi-parietal breadth MAXBIP1 Basioccipital breadth BASOCCB
Maximum cranial breadth MAXCR Basion-asterion BASAST
Glabella-opisthocrAnion GLOPC Lambda-bregma LABREG
Nasion-opisthocranion NOPC Parietal subtense height PARST
Glabella-lambda GLLA Bregma-parietal subtense BREGPARS
Nasion-lambda NLA Lambda-inion LAIN
Basion-bregma BASBREG Lambda-asterion LAAST
Basion-nasion BASN Auriculare-bregma AURBREG
Basion-nasospinale BASNS Auriculare-glabella AURGL
Basion-prosthion BASPROS Auriculare-nasion AURN
3asion-lambda BAS LA Auriculare-nasospinale AURNS
Basion-inion BASIN Auriculare-prosthion AURPROS
Bi-auriculare BIAURIC Auriculare-zygomaxillare AURZYGOM
Bi-asterion BIAST Auriculare-lambda AURLA
Glabella-bregma GLBREG Auriculare-inion AURIN
Nasion-bregma NBREG Auriculare-opisthion AUROP
Metopion height METHT Auriculare-basion AURBAS
Nasion-metopion NMET Auriculare-asterion AURAST
Maximum supraorbital breadth MAXSORB Nasion-inion NIN
Minimum cranial breadth MINCR Nasion-nasospinale NNS
Minimum postorbital breadth MINPORB Nasion-prosthion NPROS
Bi-zygion BIZYG Nasal breadth NASB
Bi-zygomaxillare BIZYGOM Orbital height ORBHT
Bi-maxillofrontale BIMAXF Orbital breadth ORBB
Maximum bi-frontomalare MAXBIFRO Cheek height CHKHT
Bi-stephanion BISTEPH Bi-ectoconchion BIECT
Opisthion-inion OP IN Bi-dacryon BIDAC
Opisthion-opisthocranion OPOPC Alveolar length ALVL
Opisthion-lambda OP LA Alveolar breadth ALVB
Opisthion-asterion OPAST Mastoid length MASTL
Opisthion-nasion OPN Mastoid width MASTW
Foramen magnum length FML Mastoid breadth MASTB
Foramen magnum breadth FMB Nasofrontal articulation NASOFRON
Bi-mastoidale BIMAST Nasospinale-prosthion NSPROS
Basion-sphenobasion BASSPH Glabella prominence GLABPROM
1 Variable codes.
Table 2. Non-metric variables
Epipteric bone 
Asterionic bone 
Lambdoid wormians 
Post-Condylar canal 
Vesalian foramen 
Ovale-Spinosum confluence 
Pterygo-Basal bridging 
Accessory Palatine foramen 
Palatine torus 
Palatine bridging (medial) 
Infraorbital foramen 
Infraorbital suture 
Spheno-maxillary articulation 
excluding the zygoma 
Lacrimal foramen 
Trochlear spur 
Zygo-facial foramen 
Auditory exostoses
Table 3. Larnach and Macintosh anatomical variables
Superciliary ridge development 
Zygomatic trigone development 
Phaenozygy
Degree of vault keeling 
Transverse occipital torus development 
Rounding of the infraorbital margin 
Anterior nasal spine development 
Median frontal ridge development 
Parietal bossing
External occipital protuberance development 
Supramastoid crest development
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categories of severity (porotic, cribrotic and trabecular) were not 
individually recorded.
3.6 The Samples
Descriptions of the 43 ossuaries visited during fieldwork in Papua 
New Guinea from November 1984 to December 1985 are given in Appendix 2 
and their locations illustrated in Figures 1 to ll*C)nc| I?).
In most cases, individual sites can be aggregated into a number of 
regional samples on the basis of geographic proximity, each region 
being culturally and linguistically homogeneous. An aggregation of 
the total number of ossuaries into regional groupings is given in 
Table 4. These regional groupings are the fundamental units of 
analysis to be employed in the present study and are hereby defined as 
samples (in a statistical sense) of the populations they have been 
designated as representing. Overall, a total of 411 crania were 
recorded from 43 ossuaries which have been combined into 12 regional 
samples.
In section 3.2 of this chapter, the particular importance of 
traditional ossuaries as sources of skeletal data relevant to the 
analysis of local population variability was described as the result 
of combined environmental, demographic and social factors which 
promote their exclusive but limited use by a single local group. It 
could be argued, therefore, that the combination of individual 
ossuaries into regional samples on the basis of arbitrary linguistic 
and geographical criteria is inappropriate and further confuses their 
approximation to population samples that have any kind of biological
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Figure 2 Location map illustrating ossuary sites aggregated within the Upper Markham Valley 
regional sample
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Figure 3 Location map illustrating ossuary sites aggregated w ithin the Finschhafen Coast regional sample
59
Figure 4 Location map illustrating the ossuary site designated as the Menyamya regional sample
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Figure 7 Location map illustrating the ossuary site designated as the Mariko regional sample
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Figure 9 Location map illustrating the ossuary sites aggregated w ithin the Chimbu Gorge regional sample
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Figure 11 Location map illustrating the ossuary site designated as the Wutung regional sample
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validity. Furthermore, it- in effect pre-empts the specific purpose of 
the present study: an elucidation of the degree and pattern of local 
population variability.
In terms of the latter objection, it would be very interesting to 
examine the degree of internal morphological variability within the 
regions I have constructed. However, the sizes of the individual 
ossuary samples which comprise the regions will unfortunately not 
allow this in most cases.
With regard to the major objection concerning the aggregation of 
individual ossuaries as regional samples, an arbitrary element in 
defining the 'group of interest' as a valid biological entity has 
already been discussed. All that is required is a justification of 
the aggregated regional samples as biologically valid entities, 
recognising at the same time the insurmountable theoretical problems 
in attempting to equate skeletal samples (however they are derived) 
with true biological populations.
Clan exogamy has been noted as the dominant form of marriage 
pattern in many local groups throughout Papua New Guinea, especially 
in the Central Highlands (Brown 1978:8; cf. Feil 1987:73-80). Wives 
must be drawn from clans other than that of the husband, and men 
generally bring their wives to live in their own clan territories. 
Such inmarrying will tend to have a generalising effect upon the 
degree of local population variability exhibited by any one clan, and 
by extension by any one ossuary, as a function of the total range of 
variability represented by the larger-scale endogamous phratry or 
tribe. In combining cranial samples from a number of different 
ossuaries within a fairly circumscribed local region (Table 4) , it is 
possible that a more complete characterisation of the region's total 
range of morphological variability is being provided.
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Although the ossuary sites Telefolip (RDJ) and Buap Olsel (RGB) 
(these site codes are explained in Appendix 2) come from 
linguistically discrete and geographically dispersed areas, the two 
have been combined for the purposes of the present study on the 
grounds that they are both representative of the same ethnic group, 
the Mountain Ok (Swadling 1983) . This combination was necessary so 
that the overall sample size for the region could be increased.
Four of the recorded ossuaries, Yangi (KND), Yangoraisa (LJA), 
Kwallvo (NSA) and Wai'ou (RGC) , cannot be linked to any other under 
the linguistic and geographic criteria of aggregation described above. 
They are therefore designated as regional samples in their own right 
(Table 4): Menyamya (KND), Erave (LJA), Mariko (NSA) and Wutung (RGC).
Cranial data for a further four regional samples from the Upper 
Sepik River, Astrolabe Bay (Madang coast), Purari River Delta and 
Goaribari Island (both Papuan Gulf) were obtained from museum 
collections located in Port Moresby and Sydney. Problems associated 
with the use of most museum collections have already been discussed, 
yet it was felt that the inclusion of these four samples might enhance 
the geographic coverage of the present study. It is possible to 
determine the provenance of these collections to a point where the 
current criteria for designation as a regional sample are satisfied; 
the only problem associated with their use relates to the small sample 
size of two of them (Upper Sepik River and Astrolabe Bay). This will 
be discussed further in Chapter 4. The provenance of each of these 
museum-derived regional samples is described in Appendix 3 and maps 
illustrating the areas from which they were drawn are given in Figures 
8, 12 and 13.
A summary of the 16 regional samples and their respective 
linguistic affiliations is presented in Table 5. A map illustrating
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Figure 12 Location map illustrating the general area from which the Astrolabe Bay museum 
regional sample has been drawn
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the general location of each regional sample is given in Figure 13.
In Table 5 the regional samples have been further grouped into four 
major units, henceforth to be referred to as Divisions, according to 
general geographical criteria: North Coast-Lowland Division, Central 
Highlands Division, Highlands Fringe Division and South Coast-Lowland 
Division. The Divisions are rather artificial in their construction, 
for they each comprise an array of different linguistic and cultural 
groups. The purpose in their construction is, however, to facilitate 
the investigation of general group relationships and it is logical 
that the regions should in some way be categorised for ease of 
presentation and analysis. I have chosen to use general geographic
relationships as the criteria for categorisation.
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CHAPTER 4 
THE DATA SET
4.1 Introduction
Metric, non-metric and anatomical data have been recorded for a 
total of 58 6 male and female crania derived from 16 different regions 
within Papua New Guinea. The complete data set for all variables 
recorded in the field is presented in Appendix 4.
As discussed in Chapter Three, a vast amount of data were recorded 
in the field due to the possibility that such a chance for data 
collection might not occur again. For this reason, the total data set 
has been presented in its entirety as a resource for the future. This 
does not mean that the entire data set should be analysed within the 
context of the present study. Including the metric, non-metric and 
anatomical data within a single series of analyses of the scale 
presented here would generate an unwieldy amount of information. For 
the sake of clarity, I have chosen to investigate only the metric data 
recorded from male crania. This chapter discusses the rationale
behind the data reduction process.
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4.2 Reduction of the Data Set to Metric Variables Only
4.2.1 Metric versus Non-metric Variation
The theoretical stance that body structure and function is 
heritable is basic to all studies in morphology. At least 
part of the observed variation will be due to inheritance, 
and in so being, will be explicable within the body of 
classical evolutionary theory (Pardoe 1984:15).
There is a growing body of research (reviewed by Eckhardt 1989) 
which indicates a significant component of heritability in the 
determination of phenotypic cranial variation. This holds for both 
metric and non-metric traits, and it is argued here that both types of 
observations are useful in the investigation of phylogenetic 
relationships and the determination of genetic patterns of variation.
There is some controversy, however, as to the relative efficiency 
of metric and non-metric traits with regard to such genetically 
oriented investigations. The metric approach is often criticised 
because of its consistent failure to take into account factors of 
allometry and climatic correlation (Pardoe 1984:22-24). Without 
proper consideration of these non-genetic or environmental effects, 
measures of population affinity (or dissimilarity) may be biased to 
the extent that differences attributable to environment are explained 
as historic patterns arising from gene flow, migration, genetic drift 
or isolation. Further argument revolves around different estimates of 
relative heritability for the two categories of traits.
I do not want to become involved in a protracted debate over the 
relative merits of craniometric versus non-metric traits. My primary 
consideration in choosing to investigate metric variation as the 
subject of the present study is that I am more familiar with
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craniometries. This in itself is not sufficient justification for 
ignoring the criticisms outlined above. Therefore, questions relating 
to the effects of allometric variation and environmental contribution
will be addressed in subsequent chapters. As to the relative
heritabilities of metric and non-metric traits, while some
investigations such as that conducted by Chevurud and Buikstra (1982) 
have demonstrated a greater mean heritability for non-metric traits 
(.528) versus metric features (.317), others (Sjovold 1984) have 
indicated a greater mean heritability estimate for metric (.3525) over 
non-metric (.2840) traits (I calculated these latter figures from 
Table 2 [Father-Son relationships] and Table 4, (Sjovold 1984:234, 
240) .
4.2.2 Metric versus Anatomical Data
The primary reason for recording the anatomical data was to 
reassess the investigations of Larnach and Macintosh (1966, 1970; 
Macintosh and Larnach 1973) in relation to differences in cranial 
variation between Australian and Papua New Guinea populations. Such 
an investigation is outside the scope of the present study and so the 
anatomical data will not be considered here.
4.3 Reduction of the Metric Data Set
Further reduction of the data set can be effected by considering 
the intercorrelations that exist between the 70 metric variables
recorded. If the direction and strength of association between the
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variables are unknown, they may act as unseen biases when each 
variable is considered individually. Significant correlations are 
likely to result in redundant information which will confuse the 
results of a univariate investigation. The intercorrelations of the 
metric variables have been examined using Pearson's product-moment 
correlation coefficient and the correlation matrix is presented in 
Table 6. This matrix has been computed using a combined male and 
female sample of 586 crania derived from all 16 regions. Casewise 
deletion of missing values reduced the number of available cases to 
256. Males and females were combined to maximally increase the sample 
size.
It is clear from Table 6 that most of the metric variables are 
significantly correlated. It is likely that the inclusion of all 70 
variables within the univariate analyses undertaken in the present 
study would have resulted in redundant information of uncertain 
significance. However, it is possible to differentiate between 
variables which are both significantly intercorrelated and 
morphologically congruent (i.e. they measure the same basic feature, 
such as maximum cranial breadth and maximum bi-parietal breadth as 
general measures of vault breadth) and variables which, although 
significantly intercorrelated, are of little biological importance 
(e.g. the significant but morphologically unrelated correlation 
between cranial length [glabella- opisthocranion] and cheek height).
In any craniometric investigation it is always desirable to reduce 
the number of metric variables to a more manageable level while 
simultaneously maintaining an adequate range and number sufficient to 
describe any inherent regional morphological variability. The 
exploratory nature of the current project renders it impossible to 
identify at the outset an 'adequate range and number' of such
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Table 6. Pearson's r correlation matrix of 70 metric variables 
computed from the original data set using 16 regions, sexes 
combined, and casewise deletion for missing variables
Correlations: MAXBIP MAXCR GLOPC NOPC GLLA NLA
MAXBIP 1.0000 .9975** .3050** .3068** .2945** .2190**
MAXCR .9975** 1.0000 .3072** .3070** .2962** .2204**
GLOPC .3050** .3072** 1.0000 . 9818** .9675** .8612**
NOPC .3068** .3070** .9818** 1.0000 .9538** .8695**
GLLA .2945** .2962** .9675** .9538** 1.0000 .8830**
NLA .2190** .2204** .8612** .8695** .8830** 1.0000
BASBREG .2718** .2710** .5427** .5172** .5920** .5519**
BASN .1897* .1875* .6569** .6651** .6582** .6262**
BASNS .0472 .0474 .5258** .5356** .5286** .5150**
BASPROS .1695* .1664* .5422** .5479** .5232** .4712**
BAS LA .3053** .3052** .6378** .6669** .6437** .6259**
BASIN .0702 .0778 .3983** .3899** .4000** .3658**
BIAURIC .6834** .6917** .5250** .5144** .5034** .4278**
BIAS-T .5168** .5245** .5095** .5080** .5020** .4427**
GLBREG .4174** .4155** .7328** .6981** .7615** . 6844**
NBREG .3936** .3918** .6925** .6786** .7192** .6598**
METHT .1175 .1127 .2448** .2091** .2583** .2323**
NMET .2291** .2256** .3273** .3251** .3444** .3175**
MAXSORB .5150** .5142** .6392** .6310** .6131** .5463**
MINOR .3474** .3492** .2881** .2981** .3003** .2434**
MINPORB .5203** .5216** .4220** .4228** .4301** .3706**
BIZYG . 6207** . 6303** . 6089** .5960** .5792** .5109**
BIZYGCM .4691** .4757** .5074** .5238** .4789** .4235**
BIMAXF .4053** .4021** .4395** .4413** .3878** .3112**
MAXBIFRO .5045** .5064** .6461** .6317** .6230** .5426**
BISTEPH . 6114** .6043** .2048** .2064** .1913* .1290
OP IN -.1106 -.1072 .0865 .0931 .0878 .0908
OPOPC .2306** .2225** .2157** .2981** .2598** .2712**
OP LA .2309** .2290** .3808** .4224** .3365** .3578**
OP AST .2637** .2676** .3162** .2978** .3143** .2951**
OPN .2559** .2588** .7671** .7701** .7513** .7106**
FML .2143** .2221** .4886** .4855** .4808** .4490**
FMB .1983** .1995** .2640** .2571** .2459** .2377**
BIMAST .4012** .4055** .5138** .5109** .4943** .4674**
3ASSPH .1097 .1044 .2327** .2351** .2580** .2919**
BASOCCB .2141** .2156** .3458** .3505** .3374** .3204**
BASAST .3595** .3630** .5993** .5816** .5877** .5422**
LABREG .0579 .0621 .6816** .6569** .7497** .6156**
PARST -.0701 -.0658 .1495* .1243 .2477** .1681*
BREGPARS .1165 .1149 .4191** .4085** .4608** .3961**
LAIN .3435** .3417** .4343** .4583** .3690** .3577**
LAAST .4339** .4366** .4894** .5240** .4634** .4433**
AURBREG .5272** .5299** .6576** .6509** .6778** .5812**
AURGL .4661** .4718** .7852** .7682** .7615** .6707**
AURN .4510** .4547** .7710** .7792** .7458** .6732**
AURNS .3440** .3477** .7127** .7261** .6962** .6527**
AURPROS .3977** .3993** .7031** .7147** .6799** .6185**
C o r r e l a t i o n s : M A X B I P M A X C R G L C P C NOP C G L L A N L A
A U R Z Y G O M .2326** .2394** .6062** .5977** .5623** .5183**
A U R L A .4905** .4932** .7337** .7579** .7393** . 6649**
A U R I N .3236** .3329** . 6286** . 6089** . 6177** .5521**
A U R O P .4702** .4777** .5091** .4824** ■ .4934** .4517**
A U R B A S .5423** .5486** .4588** .4304** .4502** .4022**
A U R A S T .3167** .3153** .5905** .5646** .5746** .5110**
NI N .1893* .1949** .7830** .7769** .7740** .7033**
NN S .3179** .3189** .5473** .5782** .5483** .4964**
N P R O S .3909** .3871** .5401** .5760** .5296** .4738**
N A S B .1760* .1753* .4035** .3984** .4112** .2936**
O R B H T .2341** .2291** .2693** .3089** .2577** .2516**
O R B B .4468** .4463** .5121** .5102** .5017** .4458**
C H K H T .2774** .2850** .4489** .4525** .4612** .4468**
B I E C T .5047** .5073** .6203** . 6066** .5943** .4978**
B I D A C .3463** .3485** .4628** .4470** .4269** .3479**
A L V L .2698** .2669** .5317** .5490** .5067** .4294**
A L V B .3643** .3680** .5205** .5198** .5230** .4804**
M A S T L .2700** .2735** .4576** .4284** .4872** .4225**
M A S T W .2174** .2161** .4696** .4500** .4791** .4174**
M A S T B .3391** .3464** .4629** .4428** .4676** .4160**
N A S O F R O N .1798* .1842* .2906** .2974** .2703** .2679**
N S P R O S .3348** .3309** .3264** .3344** .2995** .2597**
G L A B P R O M .2580** .2641** .3966** .2917** .3896** .2953**
B A S B R E G BA S N BAS N S B A S P R O S B A S L A B A S I N
M A X B I P .2718** .1897* .0472 .1695* .3053** .0702
M A X C R .2710** .1875* .0474 .1664* .3052** .0778
G L O P C .5427** . 6569** .5258** .5422** .6378** .3983**
N O P C .5172** .6651** .5356** .5479** .6669** .3899**
G L L A .5920** .6582** .5286** .5232** . 6437** .4000**
N L A .5519** .6262** .5150** .4712** .6259** .3658**
B A S B R E G 1 . 0 0 0 0 .5770** .3229** .3227** .6426** .3205**
B A S N .5770** 1 . 0 0 0 0 .7758** .6733** . 4088** .2136**
B A S N S .3229** .7758** 1 . 0 0 0 0 .8031** .2511** .1137
B A S P R O S .3227** .6733** .8031** 1 . 0 0 0 0 .2705** .1145
B A S L A . 6426** .4088** .2511** .2705** 1 . 0 0 0 0 .5112**
B A S I N .3205** .2136** .1137 .1145 .5112** 1 . 0 0 0 0
B I A U R I C .3869** .4296** .1837* .2881** .3909** .1961**
B I A S T .4640** .3821** .2609** .3170** .4435** .1895*
G L B R E G .6557** .4552** .2726** .2958** .5493** .3289**
N B R E G . 6273** .3840** .1981** .2534** .5490** .3230**
M E T H T .1764* -.0672 -.0854 -.0211 .1027 .0202
N M E T .3389** .1986** .0697 .1097 .2923** .1892*
M A X S O R B .4306** .5737** .4227** .4713** .4140** .2288**
M I N C R .2934** .2547** .1076 .1202 .3305** .1808*
M I N P O R B .4208** .3847** .2264** .2613** .3415** .1512*
B I Z Y G .4378** .5041** .2925** .3670** .4350** .2627**
B I Z Y G O M .3285** .3835** .2593** .3316** .4588** .3287**
B I M A X F .1303 .3122** .2446** .3159** .2036** .0850
M A X B I F R O .4357** .5757** .4212** .4823** .4243** .2470**
B I S T E P H .2287** .0464 -.0325 .0904 .2065** .0254
OP IN .0926 -.0067 -.0517 -.0349 .1275 . 6758**
O P O P C .1742* .0038 -.0677 -.0 1 6 1 .4492** .0194
OP LA .4002** .1879* .0818 .1821* .7096** .2344**
OP A ST .4466** .2111** .1296 .1825* .3846** .1964**
OP N .5419** .8754** .6923** . 6268** .4939** .3446**
C o r r e l a t i o n s : 3 A S B R E G BAS N B A S N S B A S P R O S BAS LA 3 A S I N
F M L .3495** .3047** .1845* .1502* .4549** .4002**
F M B .2628** .2043** . 0848 .1098 .2448** .2084**
B I M A S T .4728** .4791** .2912** .3247** .4088** .2820**
B A S S P H .4334** .5568** .3696** .2589** .2264** .0050
B A S O C C B .3563** .3946** .2086** .2277** .3267** .1295
B A S A S T .6655** .4447** .2499** .2583** .6173** .3769**
L A 3 R E G .5553** .4069** .3408** .3588** .3695** .3039**
P A R S T .2328** .0854 .1087 .0019 -.0215 .0264
B R E G P A R S .3906** .2800** .1985** .2101** .3259** .1758*
L A I N .2927** .2469** .2058** .2952** .5589** - . 1 9 1 4 *
L A A S T .3262** .2533** .1957** .3272** .6115** .1651*
A U R B R E G .7695** .5091** .3037** .4030** .5956** .2992**
A U R G L .4674** .7180** .5096** .5348** .4735** .3358**
A U R N .4402** .7330** .5230** .5338** .4847** .3283**
A U R N S .4479** .7147** .7019** .6631** .5046** .3538**
A U R P R O S .4712** .6622** .6236** .7767** .5216** .3415**
A U R Z Y G O M .2393** .5216** .5182** .5823** .2856** .3143**
A U R L A .5604** .4702** .3329** .4190** .7713** .2697**
A U R I N .4539** .4250** .2761** .3163** .4555** . 6412**
A U R O P .4772** .4591** .2412** .2993** .4076** .2358**
A U R B A S .5496** .4604** .1633* .2312** .4427** .2647**
A U R A S T .4584** .4253** .2885** .3342** .4718** .2932**
NI N .4974** .6603** .5338** .5064** .5050** .5400**
NNS .4176** .5483** .4095** .3432** .4351** .2652**
N P R O S .3856** .5204** .3067** .4067** .4657** .3126**
N A S B .2444** .2941** .2485** .2883** .2253** .0931
O R B H T .1987** .2400** .0541 .0715 .3178** .1340
O R B B .3790** .4251** .2262** .3104** .4008** .2863**
C H K H T .3475** .3871** .2627** .3405** .4313** .2678**
B I E C T .3913** .5278** .3676** .4320** .3956** .2623**
B I D  AC .2200** .3390** .2489** .2785** .2437** .1429
A L V L .2927** .4691** .5399** .7520** .3254** .1189
A L V B .4310** .4124** .2897** .3989** .4634** .2690**
M A S T L .5024** .4430** .2939** .2800** .3706** .1171
M A S T W .4313** .4212** .2985** .3364** .3804** .2398**
M A S T B .3902** .3853** .2627** .3260** .3949** .2525**
N A S O F R O N .2812** .3899** .2222** .2768** .1361 .1084
N S P R O S .2421** .2487** .0288 .2996** .3221** .2854**
G L A B P R O M .2916** .3090** .2104** .1924** .2053** .1509*
B I A U R I C 3 I A S T G L B R E G N B R E G M E T H T N M E T
M A X B I P . 6834** .5168** .4174** .3936** .1175 .2291**
M A X C R .6917** .5245** .4155** .3918** .1127 .2256**
G L O P C .5250** .5095** .7328** .6925** .2448** .3273**
N O P C .5144** .5080** .6981** . 6786** .2091** .3251**
G L L A .5034** .5020** .7615** .7192** .2583** .3444**
N L A .4278** .4427** .6844** .6598** .2323** .3175**
B A S B R E G .3869** .4640** .6557** .6273** .1764* .3389**
B A S N .4296** .3821** .4552** .3840** -.0672 .1986**
B A S N S .1837* .2609** .2726** .1981** -.0854 .0697
B A S P R O S .2881** .3170** .2958** .2534** -.0 2 1 1 .1097
B A S L A .3909** .4435** .5493** .5490** .1027 .2923**
B A S I N .1961** .1895* .3289** .3230** .0202 .1892*
B I A U R I C 1.0000 .5909** .5005** .4682** .0395 .3178**
3 I A S T .5909** 1.0000 .4494** .4257** .0560 .2016**
G L B R E G .5005** .4494** 1.0000 .9459** .4754** .5451**
Correlations: BIAURIC METHT . NMET
NBREG
METHT
NMET
MAXSORB
MINCR
MINPORB
BIZYG
BIZYGOM
3IMAXF
MAXBIFRO
3ISTEPH
OP IN
OPOPC
OPLA
OPAST
OPN
FML
FMB
BIMAST
BASSPH
BASOCCB
BASAST
LABREG
PARST
BREGPARS
LAIN
LAAST
AURBREG
AURGL
AURN
AURNS
AURPROS
AURZYGOM
AURLA
AURIN
AUROP
AURBAS
AURAST
NIN
NNS
NPROS
NASB
ORBHT
ORBB
CHKHT
BIECT
3IDAC
ALVL
ALVB
MASTL
MASTW
MASTB
NASOFRON
NSPROS
GLABPROM
.4682**
.0395
.3178**
. 6042** 
.4471** 
.5555** 
.8247** 
.5919** 
.4038** 
.6135** 
.3652** 
-.0310 
.1494* 
.2659** 
.3834** 
.5227** 
.3772** 
.2691**
. 6731** 
.1402 
.4823** 
.5756** 
.2173** 
-.0671 
.2043** 
.3640** 
.4285**
. 6363** 
.7458** 
.7401** 
.6190** 
.6154** 
.4462** 
.6275** 
.5851** 
.7861** 
.8713**
. 4 9 66** 
.4414** 
.4574** 
.4917** 
.2760** 
.2714** 
.5540** 
.4408** 
.6335** 
.4267** 
.2915** 
.5377** 
.5079** 
.3423** 
.5240** 
.3234** 
.3548** 
.3734**
3IAST
.4257**
. 0560 
.2016** 
.4648** 
.3048** 
.4702** 
.5248** 
.4219** 
.2583** 
.4606** 
.3071** 
-.0526 
.1308 
.2853** 
.6188** 
.4427** 
.3113** 
.2073** 
.4967** 
.1582* 
.3458** 
.5768** 
.3516** 
.0746 
.2480** 
.3951**
. 6084** 
.5875** 
.4809** 
.4641** 
.4107** 
.4277** 
.2808** 
.6331** 
.5104** 
.5501** 
.5029** 
.3273** 
.4391** 
.4013** 
.3775** 
.2835** 
.1854* 
.3577** 
.3704** 
.4538** 
.2935** 
.2765** 
.4344** 
.3632** 
.2958** 
.4228** 
.2877** 
.2245** 
.2392**
GLBREG
. 9459** 
.4754** 
.5451** 
.5299** 
.3489** 
.4443** 
.5369** 
.3899** 
.2680** 
.5240** 
.3546** 
.0967 
.2444** 
.3238** 
.3361** 
.5251** 
.3898** 
.2036** 
.4057** 
.1897* 
.2809** 
.5438** 
.3995** 
.0309 
.2629** 
.3038** 
.3797** 
.7264** 
.6268** 
.5972** 
.5153** 
.5164** 
.3666** 
.5887** 
.5043** 
.4377** 
.4736** 
.4821** 
.5319** 
.4620** 
.4690** 
.2732** 
.1544* 
.4499** 
.4126** 
.4781** 
.3347** 
.3219** 
.3945** 
.4204** 
.4557** 
.4156** 
.2840** 
.3277** 
.4144**
NBREG
1.0000
.5168**
.5775**
.4790**
.3050**
.4112**
.4842**
.3776**
.2593**
.4726**
.3772**
.1271
.2641**
.3630**
.3347**
.4595**
.3484**
.1632*
.3914**
.1388
.2944**
.5300**
.3804**
-.0111 
.2180** 
.3076** 
.3727** 
.7133** 
.5824** 
.5656** 
.4780** 
.4847** 
.3409** 
.5731** 
.4687** 
.3839** 
.4380** 
.4520** 
.4911** 
.4203** 
.4412** 
.2391** 
.1679* 
.4233** 
. 4394** 
.4321** 
.3245** 
.3131** 
.3399** 
.3440** 
.4074** 
.3609** 
.2660** 
.3303** 
.2614**
.5168**
1.0000
.1574*
.0551
-.0679
.0977
.0148
-.0552
-.0332
.0072
.2659**
.0373
.1565*
.1208
.1045
-.0500
-.0592
-.0048
.0501
-.0913
.0421
.0679
.1396
-.0583
.0678
.1013
.0644
.2391**
.1195
.0752
.0141
.0233
.1235
.1069
.0259
-.0097
.0098
.0435
.0762
.0215
-.0287
.1757*
.0341
-.0162
-.0418
.0095
.0232
.0457
-.0378
-.0187
.0055
-.0023
.0330
-.0471
-.1017
.5775**
.1574*
1.0000
.2660**
.2224**
.1971**
.2943**
.1385
.1720*
.2688**
.2786**
.1059
.2020**
.2129**
.1569*
.2009**
.1658*
.0657
.2323**
.1115
.2431**
.3043**
.1221
-.0535
.1153
.1169
.1886*
.4455**
.3234**
.3194**
.2654**
.2675**
.2207**
.3177**
.2261**
.1993**
.2841**
.2744**
.2090**
.2381**
.2639**
-.0245
.0712
.2650**
.2386**
.2250**
.1475*
.1331
.0628
.1633*
.2332**
.2025**
.1173
.2835**
.2832**
C o r r e l a t i o n s : M A X S O R B M I N O R M I N P O R B 3IZ Y G 3 I Z Y G 0 M B I M A X F
M A X B I P .5150** .3474** .5203** .6207** .4691** .4053**
M A X C R .5142** .3492** .5216** .6303** .4757** .4021**
G L O P C .6392** .2881** .4220** .6089** .5074** .4395**
N O P C .6310** .2981** .4228** .5960** .5238** .4413**
G L L A . 6131** .3003** .4301** .5792** .4789** .3878**
N L A .5463** .2434** .3706** .5109** .4235** .3112**
B A S B R E G .4306** .2934** .4208** .4378** .3285** .1303
B A S N .5737** .2547** .3847** .5041** .3835** .3122**
3 A S N S .4227** .1076 .2264** .2925** .2593** .2446**
B A S P R O S .4713** .1202 .2613** .3670** .3316** .3159**
B A S L A .4140** .3305** .3415** .4350** .4588** .2036**
B A S I N .2288** .1808* .1512* .2627** .3287** .0850
B I A U R I C .6042** .4471** .5555** .8247** .5919** .4038**
B I A S T .4648** .3048** .4702** .5248** .4219** .2583**
G L B R E G .5299** .3489** .4443** .5369** .3899** .2680**
N B R E G .4790** .3050** .4112** .4842** .3776** .2593**
M E T H T .0551 - . 0 6 7 9 .0977 .0148 -.0552 -.0332
N M E T .2660** .2224** .1971** .2943** .1385 .1720*
M A X S O R B 1 . 0 0 0 0 .4717** .7517** .7804** .6249** .5759**
M I N O R .4717** 1 . 0 0 0 0 .6225** .5501** .4660** .1772*
M I N P O R B .7517** .6225** 1 . 0 0 0 0 .6535** .5180** .3786**
B I Z Y G .7804** .5501** .6535** 1 . 0 0 0 0 .7080** .5166**
B I Z Y G O M .6249** .4660** .5180** .7080** 1 . 0 0 0 0 .3784**
B I M A X F .5759** .1772* .3786** .5166** .3784** 1 . 0 0 0 0
M A X B I F R O .9602** .4983** .7362** .7795** .6405** .5655**
B I S T E P H .3878** .2992** .4899** .3438** .2411** .3059**
OP IN -.01 8 2 .0176 -.06 7 9 .0003 .0949 -.0765
O P O P C .1538* .2043** .1517* .1794* .1806* .0606
OP L A .2442** .1858* .1912* .2609** .3030** .1594*
O P A S T .2553** .2137** .3132** .3051** .2659** .0744
O PN . 6376** .3674** .4762** .6165** .5125** .3830**
F M L .3830** .4252** .3811** .4631** .4060** .2279**
F M B .2299** .2456** .2425** .3363** .2264** .0434
B I M A S T .4925** .2889** .4178** . 6146** .4880** .2715**
B A S S P H .2272** .1956** .1986** .1803* .0953 .0613
B A S O C C B .3345** .3202** .2823** .4076** .2604** .1805*
B A S A S T .4916** .3404** .4301** .5513** .4538** .2350**
L A B R E G .3617** .0735 .2471** .3032** .2464** .2290**
P A R S T .0199 -.0724 .0103 -.04 7 6 -.0937 -.0515
B R E G P A R S .2223** .0903 .1741* .2266** .1430 .1782*
L A I N .3335** .1651* .2878** .3483** .3107** .3114**
L A A S T .4155** .2859** .3175** .4396** .4317** .2267**
A U R B R E G .6267** .3773** .5606** .6769** .5166** .3848**
A U R G L .7196** .3836** .5185** .7722** .5856** .5082**
A U R N .7051** .3955** .5085** .7629** . 6033** .5105**
A U R N S .5948** .3132** .3872** .6269** .5418** .3738**
A U R P R O S .6325** .3162** .4197** .6505** .5645** .4080**
A U R Z Y G O M .5350** .2274** .3164** .5527** .3704** .4490**
A U R L A .5598** .3800** .4621** .6254** .5634** .3208**
A U R I N .4613** .3107** .3773** .5584** .4870** .2511**
A U R O P .5084** .3864** .5038** .6512** .4907** .2492**
A U R B A S .5209** .4334** .5015** .7135** .5184** .2651**
A U R A S T .4229** .2106** .3106** .4957** .4074** .2985**
NI N .5533** .2449** .3666** .5259** .4533** .3309**
NN S .4842** .3502** .3807** .5341** .4824** .1875*
N P R O S .5512** .3824** .4114** .5783** .5547** .2352**
N A S B .4268** .1611* .3136** .3788** .3626** .3194**
O R B H T .2896** .1571* .2239** .3059** .2255** .0717
C o r r e l a t i o n s : M A X S O R B M I N O R M I N P O R B 3 I Z Y G B I Z Y G O M 3 I M A X F
O R B B . 6886** .4578** .5303** .6473** .5765** .2956**
C H K H T .4028** .2944** .2899** .4605** .5985** .2401**
B I E C T .9117** .4943** .7145** .7981** .6680** .5978**
3 I D A C . 6384** .2817** .5175** .5346** .4475** .7599**
A L V L .4990** .1548* .3014** .3858** .3986** .3431**
A L V B .5149** .3515** .3952** .5693** .5884** .2419**
M A S T L .4082** .3779** .3761** .4653** .3409** .1696*
M A S T W .4443** .4300** .3567** .4334** .3560** .2046**
M A S T B .4774** .3987** .4257** .5603** .5064** .2777**
N A S O F R O N .3323** .1656* .2974** .3645** .2797** .3735**
N S P R O S .3809** .2742** .2525** .3885** .3374** .1858*
G L A B P R O M .3760** .2855** .2257** .4523** .2293** .2254**
M A X B I F R O B I S T E P H OP IN O P O P C OP L A O P A S T
M A X B I P .5045** .6114** -.1 1 0 6 .2306** .2309** .2637**
M A X C R .5064** .6043** -.1072 .2225** .2290** .2676**
G L O P C . 6461** .2048** .0865 .2157** .3808** .3162**
N O P C .6317** .2064** .0931 .2981** .4224** .2978**
G L L A .6230** .1913* .0878 .2598** .3365** .3143**
N L A .5426** .1290 .0908 .2712** .3578** .2951**
B A S B R E G .4357** .2287** .0926 .1742* .4002** .4466**
B A S N .5757** .0464 -.0067 .0038 .1879* .2111**
3 A S N S .4212** -.0325 -.0517 -.0677 .0818 .1296
B A S P R O S .4823** .0904 -.03 4 9 -.01 6 1 .1821* .1825*
BA S  L A .4243** .2065** .1275 .4492** .7096** .3846**
B A S I N .2470** .0254 . 6758** .0194 .2344** .1964**
B I A U R I C . 6135** .3652** -.0310 .1494* .2659** .3834**
B I A S T .4606** .3071** -.0526 .1308 .2853** . 6188**
G L B R E G .5240** .3546** .0967 .2444** .3238** .3361**
N B R E G .4726** .3772** .1271 .2641** .3630** .3347**
M E T H T .0072 .2659** .0373 .1565* .1208 .1045
N M E T .2688** .2786** .1059 .2020** .2129** .1569*
M A X S O R B .9602** .3878** -.0182 .1538* .2442** .2553**
M I N O R .4983** .2992** .0176 .2043** .1858* .2137**
M I N P O R B .7362** .4899** -.06 7 9 .1517* .1912* .3132**
B I Z Y G .7795** .3438** .0003 .1794* .2609** .3051**
B I Z Y G O M .6405** .2411** .0949 .1806* .3030** .2659**
B I M A X F .5655** .3059** -.0765 .0606 .1594* .0744
M A X B I F R O 1 . 0 0 0 0 .3790** -.0272 .1482* .2443** .2537**
B I S T E P H .3790** 1 . 0 0 0 0 -.0823 .1564* .2111** .1512*
OP IN -.0 2 7 2 -.0823 1 . 0 0 0 0 .0956 .2764** .1188
O P O P C .1482* .1564* .0956 1 . 0 0 0 0 .5134** .1102
OP L A .2443** .2111** .2764** .5134** 1 . 0 0 0 0 .3716**
O P A S T .2537** .1512* .1188 .1102 .3716** 1 . 0 0 0 0
OP N .6573** .1334 .0069 -.0103 .2470** .2994**
F M L .4251** .1975** .0202 - . 0 0 2 9 .1425 .2346**
F M B .2324** .1302 .0282 .0420 .1196 .2118**
B I M A S T .5081** .1120 .1036 .1346 .3167** .4777**
B A S S P H .2041** .0209 -.15 0 3 * -.0320 .0418 .0851
B A S 0 C C 3 .3257** .1266 .0292 .1193 .2708** .3423**
B A S A S T .5018** .2171** .1270 .1409 .4022** .6488**
L A B R E G .3716** .0789 .0974 .1360 .0706 .2432**
P A R S T .0250 - . 0 7 1 1 -.0283 .0202 - . 2 3 2 1 * * .0479
B R E G P A R S .2234** .0899 -.03 4 9 .2284** .0920 .1970**
LAI N .3384** .2636** - . 4 6 0 2 * * .3154** .6341** .2655**
L A A S T .4171** .2608** -.0826 .3060** .5441** .2287**
C o r r e l a t i o n s : M A X B I F R O 3 I S T E P H OP IN OPO P C OP LA O P A S T
A U R B R E G .6265** .4592** .0162 .2548** .3921** .4124**
A U R G L .7231** .2589** .0518 .1378 .2752** .2710**
A U R N .7026** .2622** .0598 .1613* .3010** .2542**
A U R N S . 6057** .1362 .1201 .1573* .3054** .2467**
A U R P R O S . 6387** .1959** .1104 .1493* .3678** .2818**
A U R Z Y G O M .5335** .1231 .1566* .0112 .2030** .1373
A U R L A .5669** .3235** -.0 5 1 1 .3756** .5566** .3989**
A U R I N .4757** .1400 .4759** .0014 .2593** . 4315**
A U R O P .5306** .2260** -.0255 .0266 .2661** .5255**
A U R B A S .5407** .2644** .0484 .0770 .2872** .4339**
A U R A S T .4288** .1367 .0551 .0811 .2966** .4050**
N IN .5606** .1186 .2970** .0402 .2797** .2997**
N NS .4735** .1667* .0510 .1831* .2242** .2550**
N P R O S .5386** .2094** .1067 .2246** .2942** .2225**
N A S B .4181** .0407 -.0317 .1583* .1424 .2365**
O R B H T .2867** .0529 -.0112 .2868** .2242** .1325
O R B B .7446** .2935** .0487 .1965** .2024** .1962**
C H K H T .4122** .1946** .0471 .0496 .2107** .1539*
B I E C T .9356** .3666** -.0121 .1227 .2066** .2403**
B I D A C .6269** .2905** -.0587 .0057 .1099 .1076
A L V L .4979** .1420 .0624 .1716* .3316** .1706*
A L V B .5289** .1560* .0436 .1959** .2801** .3256**
M A S T L .4209** .0782 -.1283 .1061 .1558* .2723**
M A S T W . 4566** .1956** -.0197 .1191 .1736* .1782*
M A S T B .4876** .1480* .0228 .1024 .2130** .2593**
N A S O F R O N .3347** .2094** .0054 -.0408 .1077 .1353
N S P R O S .3818** .1910* .1452 .1173 .2530** .1108
G L A B P R O M .4144** .0662 -.0800 -.02 6 6 .0029 .1745*
OPN FM L FM B B I M A S T B A S S P H B A S O C C B
M A X B I P .2559** .2143** .1983** .4012** .1097 .2141**
M A X C R .2588** .2221** .1995** .4055** .1044 .2156**
G L O P C .7671** .4886** .2640** .5138** .2327** .3458**
N O P C .7701** .4855** .2571** .5109** .2351** .3505**
G L L A .7513** .4808** .2459** .4943** .2580** .3374**
N L A .7106** .4490** .2377** .4674** .2919** .3204**
B A S B R E G .5419** .3495** .2628** .4728** .4334** .3563**
B A S N .8754** .3047** .2043** .4791** .5568** .3946**
3 A S N S .6923** .1845* .0848 .2912** .3696** .2086**
B A S P R O S .6268** .1502* .1098 .3247** .2589** .2277**
B A S L A .4939** .4549** .2448** .4088** .2264** .3267**
B A S I N .3446** .4002** .2084** .2820** .0050 .1295
B I A U R I C .5227** .3772** .2691** .6731** .1402 .4823**
B I A S T .4427** .3113** .2073** .4967** .1582* .3458**
G L B R E G .5251** .3898** .2036** .4057** .1897* .2809**
N B R E G .4595** .3484** .1632* .3914** .1388 .2944**
M E T H T -.0 5 0 0 -.0592 -.0048 .0501 -.0913 .0421
N M E T .2009** .1658* .0657 .2323** .1115 .2431**
M A X S 0 R 3 .6376** .3830** .2299** .4925** .2272** .3345**
M I N C R .3674** .4252** .2456** .2889** .1956** .3202**
M I N P O R B .4762** .3811** .2425** .4178** .1986** .2823**
B I Z Y G .6165** .4631** .3363** .6146** .1803* .4076**
B I Z Y G O M .5125** .4060** .2264** .4880** .0953 .2604**
B I M A X F .3830** .2279** .0434 .2715** .0613 .1805*
M A X B I F R O .6573** .4251** .2324** .5081** .2041** .3257**
B I S T E P H .1334 .1975** .1302 .1120 .0209 .1266
C o r r e l a t i o n s : OP N FM L FMB 3 I M A S T B A S S P H B A S 0 C C 3
OP IN .0069 .0202 .0282 .1036 - . 1 5 0 3 * .0292
O P O P C - . 0 1 0 3 -.00 2 9 .0420 .1346 -.0320 .1193
OP L A .2470** .1425 .1196 .3167** .0418 .2708**
OP AS T .2994** .2346** .2118** .4777** .0851 .3423**
O P N 1 . 0 0 0 0 . 6460** .3869** .5319** .4434** .3804**
F M L .6460** 1 . 0 0 0 0 .5315** .3559** .1437 .2207**
F M B .3869** .5315** 1 . 0 0 0 0 .2995** .1264 .2448**
B I M A S T .5319** .3559** .2995** 1 . 0 0 0 0 .2083** .4653**
B A S S P H .4434** .1437 .1264 .2083** 1 . 0 0 0 0 .2969**
B A S O C C B .3804** .2207** .2448** .4653** .2969** 1 . 0 0 0 0
B A S A S T .5644** .5214** .3217** .6157** .2219** .4132**
L A B R E G .4605** .2915** .1597* .2873** .1773* .1673*
P A R S T .0893 .0972 .0566 -.0077 .0799 -.0134
B R E G P A R S .2848** .1826* .1192 .2221** .1743* .1918*
L A I N .3076** .1706* .0514 .2900** .1255 .2548**
L A A S T .3507** .2281** .1716* .2835** .0883 .2176**
A U R B R E G .5695** .3927** .2116** .5468** .2556** .3597**
A U R G L .7820** .4169** .2124** .6239** .2686** .4215**
A U R N .7981** .4242** .1891* .6171** .2824** .4235**
A U R N S .7349** .3605** .1642* .5934** .2527** .3802**
A U R P R O S .7042** .3600** .2333** .5818** .2105** .3820**
A U R Z Y G O M .5912** .2597** .1168 .3825** .1563* .2714**
A U R L A .5896** .4725** .3065** .5036** .2175** .3606**
A U R I N .5776** .5031** .3354** .5164** .1257 .3054**
A U R O P . 6197** .5611** .4520** .6155** .2276** .4439**
A U R B A S .5111** .3826** .3043** .6612** .2473** .4978**
A U R A S T .5410** .4579** .3146** .5182** .2157** .3398**
N I N .7410** .4622** .2232** .4834** .2373** .3334**
NNS .5921** .3914** .3413** .5027** .2307** .3216**
N P R O S .5633** .3726** .3451** .4951** .1976** .3133**
N A S B .3266** .1417 .1326 .2676** .0264 .1679*
O R B H T .2705** .2090** .1655* .3920** .0859 .1254
O R B B .5321** .4441** .2389** .5237** .1607* .2199**
C H K H T .4231** .2940** .1700* .3026** .1313 .3418**
B I E C T .6265** .4426** .2445** .5330** .1855* .3097**
B I D  AC .4074** .2830** .1030 .2629** .1086 .2216**
A L V L .4607** .1286 .1452 .3621** .0768 .1876*
A L V B .4871** .3674** .2391** .4910** .1621* .3547**
M A S T L .4755** .3379** .2935** .2974** .2501** .3400**
M A S T W .4456** .3323** .2673** .3095** .2318** .3035**
M A S T B .4372** .3088** .1836* .4590** .2112** .3136**
N A S O F R O N .3981** .2170** .1032 .2308** .1705* .2550**
N S P R O S .2948** .2518** .1951** .3050** .0775 .2044**
G L A B P R O M .3507** .2862** .2374** .2624** .1778* .2126**
B A S A S T L A B R E G P A R S T B R E G P A R S LAI N L A A S T
M A X B I P .3595** .0579 -.0 7 0 1 .1165 .3435** .4339**
M A X C R .3630** .0621 -.0658 .1149 .3417** .4366**
G L O P C .5993** .6816** .1495* .4191** .4343** .4894**
N O P C .5816** .6569** .1243 .4085** .4583** .5240**
G L L A .5877** .7497** .2477** .4608** .3690** .4634**
N L A .5422** . 6156** .1681* .3961** .3577** .4433**
B A S B R E G .6655** .5553** .2328** .3906** .2927** .3262**
B A S N .4447** .4069** .0854 .2800** .2469** .2533**
B A S N S .2499** .3408** .1087 .1985** .2058** .1957**
B A S P R O S .2583** .3588** .0019 .2101** .2952** .3272**
C o r r e l a t i o n s : B A S A S T L A 3 R E G PAR S T B R E G P A R S LAIN LAA S T
B A S L A .6173** .3695** -.0215 .3259** .5589** . 6115**
B A S I N .3769** .3039** .0264 .1758* -.19 1 4 * .1651*
3 I A U R I C .5756** .2173** -.0671 .2043** .3640** .4285**
B I A S T .5768** .3516** .0746 .2480** .3951** . 6084**
G L B R E G .5438** .3995** .0309 .2629** .3038** .3797**
N B R E G .5300** .3804** -.0111 .2180** .3076** .3727**
M E T H T .0679 .1396 -.0583 .0678 .1013 .0644
N M E T .3043** .1221 -.0535 .1153 .1169 .1886*
M A X S O R B .4916** .3617** .0199 .2223** .3335** .4155**
M I N C R .3404** .0735 -.0724 .0903 .1651* .2859**
M I N P O R B .4301** .2471** .0103 .1741* .2878** .3175**
B I Z Y G .5513** .3032** -.0 4 7 6 .2266** .3483** .4396**
B I Z Y G O M .4538** .2464** -.0937 .1430 .3107** .4317**
B I M A X F .2350** .2290** -.0515 .1782* .3114** .2267**
M A X B I F R O .5018** .3716** .0250 .2234** .3384** .4171**
B I S T E P H .2171** .0789 -.0711 .0899 .2636** .2608**
OP IN .1270 .0974 -.0283 - .0349 - . 4 6 0 2 * * -.08 2 6
O P O P C .1409 .1360 .0202 .2284** .3154** .3060**
OP L A .4022** .0706 - . 2 3 2 1 * * .0920 .6341** .5441**
OP AS T .6488** .2432** .0479 .1970** .2655** .2287**
OP N .5644** .4605** .0893 .2848** .3076** .3507**
F M L .5214** .2915** .0972 .1826* .1706* .2281**
F M B .3217** .1597* .0566 .1192 .0514 .1716*
B I M A S T .6157** .2873** -.0077 .2221** .2900** .2835**
B A S S P H .2219** .1773* .0799 .1743* .1255 .0883
B A S O C C B .4132** .1673* -.0134 .1918* .2548** .2176**
B A S A S T 1.0000 .4290** .1098 .3119** .3475** .2856**
L A B R E G .4290** 1.0000 .5791** .5826** . 0850 .2009**
P A R S T .1098 .5791** 1.0000 .3877** - . 1 9 6 2 * * -.1404
B R E G P A R S .3119** .5826** .3877** 1.0000 .1749* .1646*
LA I N .3475** .0850 - . 1 9 6 2 * * .1749* 1.0000 .6050**
L A A S T .2856** .2009** -.1404 .1646* .6050** 1.0000
A U R B R E G .6511** .5311** .1320 .3864** .4051** .4863**
A U R G L .6021** .4018** -.0168 .3016** .3486** .3795**
A U R N .5909** .3787** -.0517 .2827** .3680** .3964**
A U R N S .5735** .3770** -.0223 .2252** .3225** .3662**
A U R P R O S .5656** .3921** -.0525 .2440** .3861** .4245**
A U R Z Y G O M .3253** .3448** -.0 4 7 6 .1429 .1943** .3069**
A U R L A .5765** .4675** .0693 .3671** .5937** .7528**
A U R I N .5433** .4650** .1056 .2939** .0224 .3446**
AUR O P .5928** .3179** .0725 .2544** .3151** .3509**
A U R B A S .6552** .2449** -.0095 .2314** .2813** .3302**
A U R A S T .6643** .4143** .0927 .2689** .3135** .1657*
NI N .5473** .5928** .1398 .3664** .1925** .3446**
NNS .4999** .2964** .0417 .2052** .2137** .2941**
N P R O S .4663** .2550** -.0 4 3 1 .1672* .2523** .3583**
N A S B .3260** .3492** .0985 .2190** .2203** .2371**
O R B H T .2955** .1187 .0037 .1352 .2127** .2047**
O R B B .4615** .2793** .0526 .1674* .2010** .3578**
C H K H T .3571** .2426** -.0818 .1136 .2531** .3881**
B I E C T .5020** .3651** .0139 .2094** .2955** .3972**
B I D A C .3277** .2747** -.0349 .1461* .2669** .2049**
A L V L .2973** .3444** -.0287 .1926** .3494** .3845**
A L V B .5116** .3780** .0119 .2607** .3125** .4051**
M A S T L .4262** .3849** .1779* .2929** .2960** .3253**
M A S T W .3425** .2904** .1025 .2216** .2274** .2645**
M A S T B .3991** .2756** .0037 .2001** .2547** .3737**
N A S O F R O N .2565** .1566* -.0458 .1175 .1744* .0897
88
C o r r e l a t i o n s : B A S A S T L A B R E G P A R S T B R E G P A R S LA I N L A A S T
N S P R O S .2553** .1163 -.15 3 3 * .0490 .1807* .3020**
G L A B P R C M .3297** . 1900* .0733 .1974** .1032 .1003
A U R B R E G A U R G L AUR N A U R N S A U R P R O S A U R Z Y G O M
M A X B I P .5272** .4661** .4510** .3440** .3977** .2326**
M A X C R .5299** .4718** .4547** .3477** .3993** .2394**
G L O P C .6576** .7852** .7710** .7127** .7031** .6062**
N O P C . 6509** .7682** .7792** .7261** .7147** .5977**
G L L A . 6778** .7615** .7458** .6962** . 6799** .5623**
N L A .5812** .6707** .6732** .6527** .6185** .5183**
B A S B R E G .7695** .4674** .4402** .4479** .4712** .2393**
B A S N .5091** .7180** .7330** .7147** .6622** .5216**
B A S N S .3037** .5096** .5230** .7019** .6236** .5182**
B A S P R O S .4030** .5348** .5338** .6631** .7767** .5823**
BA S  L A .5956** .4735** .4847** .5046** .5216** .2856**
B A S I N .2992** .3358** .3283** .3538** .3415** .3143**
B I A U R I C .6363** .7458** .7401** .6190** . 6154** .4462**
B I A S T .5875** .4809** .4641** .4107** .4277** .2808**
G L B R E G .7264** .6268** .5972** .5153** .5164** .3666**
N B R E G .7133** .5824** .5656** .4780** .4847** .3409**
M E T H T .2391** .1195 .0752 .0141 .0233 .1235
N M E T .4455** .3234** .3194** .2654** .2675** .2207**
M A X S O R B . 6267** .7196** .7051** .5948** .6325** .5350**
M I N C R .3773** .3836** .3955** .3132** .3162** .2274**
M I N P O R B .5606** .5185** .5085** .3872** .4197** .3164**
B I Z Y G .6769** .7722** .7629** . 6269** . 6505** .5527**
B I Z Y G O M .5166** .5856** .6033** .5418** .5645** .3704**
B I M A X F .3848** .5082** .5105** .3738** .4080** .4490**
M A X B I F R O .6265** .7231** .7026** .6057** . 6387** .5335**
B I S T E P H .4592** .2589** .2622** .1362 .1959** .1231
OP IN .0162 .0518 .0598 .1201 .1104 .1566*
O P O P C .2548** .1378 .1613* .1573* .1493* .0112
OP L A .3921*'* .2752** .3010** .3054** .3678** .2030**
OP AS T .4124** .2710** .2542** .2467** .2818** .1373
OPN .5695** .7820** .7981** .7349** .7042** .5912**
F M L .3927** .4169** .4242** .3605** .3600** .2597**
F M B .2116** .2124** .1891* .1642* .2333** .1168
B I M A S T .5468** .6239** .6171** .5934** .5818** .3825**
B A S S P H .2556** .2686** .2824** .2527** .2105** .1563*
3 A S 0 C C 3 .3597** .4215** .4235** .3802** .3820** .2714**
B A S A S T .6511** .6021** .5909** .5735** .5656** .3253**
L A B R E G .5311** .4018** .3787** .3770** .3921** .3448**
P A R S T .1320 -.0168 -.0517 -.0223 -.05 2 5 -.0 4 7 6
B R E G P A R S .3864** .3016** .2827** .2252** .2440** .1429
L A I N .4051** .3486** .3680** .3225** .3861** .1943**
L A A S T .4863** .3795** .3964** .3662** .4245** .3069**
A U R B R E G 1 . 0 0 0 0 .6970** . 6796** .5618** .6011** .4058**
A U R G L .6970** 1 . 0 0 0 0 .9726** .8364** .8023** .7080**
A U R N .6796** .9726** 1 . 0 0 0 0 .8581** .8181** .7230**
A U R N S .5618** .8364** .8581** 1 . 0 0 0 0 .8977** .7061**
A U R P R O S .6011** .8023** .8181** .8977** 1 . 0 0 0 0 .7303**
A U R Z Y G O M .4058** .7080** .7230** .7061** .7303** 1 . 0 0 0 0
A U R L A .7277** .5755** .5794** .5342** .5658** .3429**
A U R I N .4935** .5068** .4960** .4851** .4852** .3991**
A U R O P .4971** .5215** .5166** .4717** .4961** .3176**
A U R B A S .5629** .6414** .6321** .5832** .5817** .3818**
C o r r e l a t i o n s : A U R B R E G A U R G L AURN AUR N S A U R P R O S A U R Z Y G O M
A U R A S T .5093** .4757** .4604** .4507** .4538** .2545**
N I N .5359** . 6780** .6979** . 6703** . 6752** .5878**
NN S .5127** .5441** .5769** .6118** .5613** .2471**
N P R O S .5108** .5767** .6078** .5816** .6748** .3390**
N A S B .3281** .3794** .3693** .3618** .3926** .2776**
O R B H T .2582** .2752** .2851** .2464** .2510** .0382
O R B B .5352** .6025** .5996** .4967** .5187** .3504**
C H K H T .4213** .4670** .4837** .4701** .5157** .3296**
B I E C T .5892** .7117** .6998** .5941** .6326** .5260**
3 I D A C .3953** .5191** .5187** .4198** .4280** .4563**
A L V L .4011** .4646** .4699** .5643** .7286** .4429**
A L V B .4777** .5166** .5184** .5395** .6229** .2815**
M A S T L .4158** .4256** .4099** .4291** .4241** .2749**
M A S T W .4248** .4113** .3913** .3790** .4081** .2241**
M A S T B .4823** .4945** .4778** .4074** .4399** .2953**
N A S O F R O N .3952** .3956** .4349** .3055** .3548** .2935**
N S P R O S .3367** .3850** .3885** .2958** .5168** .3278**
G L A B P R O M .2968** .4596** .3454** .2932** .2758** .2098**
A U R L A A U R I N AUROP A U R B A S A U R A S T NIN
M A X B I P .4905** .3236** .4702** .5423** .3167** .1893*
M A X C R .4932** .3329** .4777** .5486** .3153** .1949**
G L O P C .7337** . 6286** .5091** .4588** .5905** .7830**
N O P C .7579** . 6089** .4824** .4304** .5646** .7769**
G L L A .7393** . 6177** .4934** .4502** .5746** .7740**
N L A .6649** • .5521** .4517** .4022** .5110** .7033**
B A S B R E G .5604** .4539** .4772** .5496** .4584** .4974**
B A S N .4702** .4250** .4591** . 4~60 4** .4253** .6603**
B A S N S .3329** .2761** .2412** .1633* .2885** . 5 3 3 8 ’'*
B A S P R O S .4190** .3163** .2993** .2312** .3342** .5064**
B A S L A .7713** .4555** .4076** .4427** .4718** .5050**
B A S I N .2697** .6412** .2358** .2647** .2932** .5400**
B I A U R I C .6275** .5851** .7861** .8713** .4966** .4414**
B I A S T .6331** .5104** .5501** .5029** .3273** .4391**
G L B R E G .5887** .5043** .4377** .4736** .4821** .5319**
N B R E G .5731** .4687** .3839** .4380** .4520** .4911**
M E T H T .1069 .0259 -.0097 .0098 .0435 .0762
N M E T .3177** .2261** .1993** .2841** .2744** .2090**
M A X S O R B .5598** .4613** .5084** .5209** .4229** .5533**
M I N C R .3800** .3107** .3864** .4334** .2106** .2449**
M I N P O R B .4621** .3773** .5038** .5015** .3106** .3666**
B I Z Y G .6254** .5584** .6512** .7135** .4957** .5259**
B I Z Y G O M .5634** .4870** .4907** .5184** .4074** .4533**
B I M A X F .3208** .2511** .2492** .2651** .2985** .3309**
M A X B I F R O .5669** .4757** .5306** .5407** .4288** .5606**
B I S T E P H .3235** .1400 .2260** .2644** .1367 .1186
OP IN - . 0 5 1 1 .4759** -.0255 .0484 .0551 .2970**
O P O P C .3756** .0014 .0266 .0770 .0811 .0402
OP L A .5566** .2593** .2661** .2872** .2966** .2797**
OP A S T .3989** .4315** .5255** .4339** .4050** .2997**
OP N .5896** .5776** .6197** .5111** .5410** .7410**
F M L .4725** .5031** .5611** .3826** .4579** .4622**
F MB .3065** .3354** .4520** .3043** .3146** .2232**
B I M A S T .5036** .5164** .6155** .6612** .5182** .4834**
B A S S P H .2175** .1257 .2276** .2473** .2157** .2373**
B A S 0 C C 3 .3606** .3054** .4439** .4978** .3398** .3334**
C o r r e l a t i o n s : A U R L A A U R I N AUROP A U R B A S A U R A S T NI N
B A S A S T .5765** .5433** .5928** . 6552** .6643** .5473**
L A B R E G .4675** .4650** .3179** .2449** .4143** .5928**
P A R S T .0693 .1056 .0725 -.0095 .0927 .1398
B R E G P A R S .3671** .2939** .2544** .2314** .2689** .3664**
LAI N .5937** .0224 .3151** .2813** .3135** .1925**
L A A S T .7528** .3446** .3509** .3302** .1657* .3446**
A U R B R E G .7277** .4935** .4971** .5629** .5093** .5359**
A U R G L .5755** .5068** .5215** . 6414** .4757** .6780**
A U R N .5794** .4960** .5166** . 6321** .4604** .6979**
A U R N S .5342** .4851** .4717** .5832** .4507** .6703**
A U R P R O S .5658** .4852** .4961** .5817** .4538** .6752**
A U R Z Y G O M .3429** .3991** .3176** .3818** .2545** .5878**
A U R L A 1 . 0 0 0 0 .5946** .6122** .5333** .5847** .5422**
A U R I N .5946** 1 . 0 0 0 0 .7036** .5960** .5766** .6756**
A U R O P .6122** .7036** 1 . 0 0 0 0 .8314** .6117** .4553**
A U R B A S .5333** .5960** .8314** 1 . 0 0 0 0 .4944** .4303**
A U R A S T .5847** .5766** .6117** .4944** 1 . 0 0 0 0 .4936**
NI N .5422** .6756** .4553** .4303** .4936** 1 . 0 0 0 0
NN S .5221** .4140** .4176** .4047** .4728** .5128**
N P R O S .5421** .4242** .4410** .4581** .4468** .5041**
N A S B .2967** .1817* .2340** .2184** .2892** .3574**
O R B H T .3199** .1777* .2287** .2205** .2673** .2341**
0 R 3 B .4917** .4288** .4718** .5185** .3683** .4187**
C H K H T .4903** .3986** .3782** .4010** .3149** .4431**
B I E C T .5423** .4767** .5397** .5625** .4084** .5388**
B I D A C .3062** .2887** .3020** .3448** .2671** .3988**
A L V L .4494** .2986** .2613** .2363** .3513** .4792**
A L V B .5331** .4658** .5232** .5335** .4135** .5046**
M A S T L .4787** .4207** .5704** .5582** .4011** .4201**
M A S T W .4323** .3364** .3096** .3298** .3427** .4064**
M A S T B .5149** .4283** .4408** .4597** .3784** .4226**
N A S O F R O N .1846* .2237** .2437** .3060** .1475* .3579**
N S P R O S .3481** .3040** .2942** .3505** .2510** .2982**
G L A B P R O M .2703** .2803** .3395** .3653** .3714** .2499**
NNS N P R O S N A S B ORB H T O R B B C H K H T
M A X B I P .3179** .3909** .1760* .2341** .4468** .2774**
M A X C R .3189** .3871** .1753* .2291** .4463** .2850**
G L O P C .5473** .5401** .4035** .2693** .5121** .4489**
N O P C .5782** .5760** .3984** .3089** .5102** .4525**
G L L A .5483** .5296** .4112** .2577** .5017** .4612**
N L A .4964** .4738** .2936** .2516** .4458** .4468**
B A S B R E G .4176** .3856** .2444** .1987** .3790** .3475**
B A S N .5483** .5204** .2941** .2400** .4251** .3871**
BA S  NS .4095** .3067** .2485** .0541 .2262** .2627**
B A S P R O S .3432** .4067** .2883** .0715 .3104** .3405**
BA S  L A .4351** .4657** .2253** .3178** .4008** .4313**
B A S I N .2652** .3126** .0931 .1340 .2863** .2678**
B I A U R I C .4574** .4917** .2760** .2714** .5540** .4408**
B I A S T .4013** .3775** .2835** .1854* .3577** .3704**
G L B R E G .4620** .4690** .2732** .1544* .4499** .4126**
N B R E G .4203** .4412** .2391** .1679* .4233** .4394**
M E T H T .0215 -.0287 .1757* .0341 -.0 1 6 2 -.0418
N M E T .2381** .2639** -.0245 .0712 .2650** .2386**
M A X S O R B .4842** .5512** .4268** .2896** .6886** .4028**
M I N C R .3502** .3824** .1611* .1571* .4578** .2944**
Corre l a t i o n s : NNS NPR O S NAS B O R B H T OR B B C H K H T
M I N P O R B .3307** .4114** .3136** .2239** .5303** .2899**
B I Z Y G .5341** .5783** .3788** .3059** . 6473** .4605**
B I Z Y G O M .4824** .5547** .3626** .2255** .5765** .5985**
B I M A X F .1875* .2352** .3194** .0717 .2956** .2401**
M A X 3 I F R 0 .4735** .5386** .4181** .2867** .7446** .4122**
B I S T E P H .1667* .2094** .0407 .0529 .2935** .1946**
OP IN .0510 .1067 -.0317 -.0112 .0487 .0471
O P O P C .1831* .2246** .1583* .2868** .1965** .0496
OP LA .2242** .2942** .1424 .2242** .2024** .2107**
O P A S T .2550** .2225** .2365** .1325 .1962** .1539*
O PN .5921** .5633** .3266** .2705** .5321** .4231**
F M L .3914** .3726** .1417 .2090** .4441** .2940**
F M B .3413** .3451** .1326 .1655* .2389** .1700*
3 I M A S T .5027** .4951** .2676** .3920** .5237** .3026**
B A S S P H .2307** .1976** .0264 .0859 .1607* .1313
B A S O C C B .3216** .3133** .1679* .1254 .2199** .3418**
B A S A S T .4999** .4663** .3260** .2955** .4615** .3571**
L A B R E G .2964** .2550** .3492** .1187 .2793** .2426**
P A R S T .0417 -.0431 .0985 .0037 .0526 -.0818
B R E G P A R S .2052** .1672* .2190** .1352 .1674* .1136
L A I N .2137** .2523** .2203** .2127** .2010** .2531**
L A A S T .2941** .3583** .2371** .2047** .3578** .3881**
A U R B R E G .5127** .5108** .3281** .2582** .5352** .4213**
A U R G L .5441** .5767** .3794** .2752** . 6025** .4670**
A U R N .5769** .6078** .3693** .2851** .5996** .4837**
A U R N S . 6118** .5816** .3618** .2464** .4967** .4701**
A U R P R O S .5613** . 6748** .3926** .2510** .5187** .5157**
A U R Z Y G O M .2471** .3390** .2776** .0382 .3504** .3296**
A U R L A .5221** .5421** .2967** .3199** .4917** .4903**
A U R I N .4140** . 4242** .1817* .1777* .4288** .3986**
A U R O P .4176** .4410** .2340** .2287** .4718** .3782**
A U R B A S .4047** .4581** .2184** .2205** .5185** .4010**
A U R A S T .4728** .4468** .2892** .2673** .3683** .3149**
N I N .5128** .5041** .3574** .2341** .4187** .4431**
NNS 1 . 0 0 0 0 .8276** .3932** .5140** .4417** .4171**
N P R O S .8276** 1 . 0 0 0 0 .3456** .4727** .5012** .5145**
N A S B .3932** .3456** 1 . 0 0 0 0 .1795* .2378** .1792*
O R B H T .5140** .4727** .1795* 1 . 0 0 0 0 .4275** -.0067
O R B B .4417** .5012** .2378** .4275** 1 . 0 0 0 0 .3182**
C H K H T .4171** .5145** .1792* -.0067 .3182** 1 . 0 0 0 0
3 I E C T .4776** .5441** .4456** .3020** .7608** .4113**
B I D A C .2002** .2418** .3224** .0013 .2693** .3733**
A L V L .4246** .5296** .3871** .2114** .3359** .3376**
A L V B .5200** .5766** .4483** .2344** .4700** .5148**
M A S T L .3268** .3128** • .2637** .0595 .2548** .3870**
M A S T W .3881** .4052** .1718* .1300 .3678** .3644**
M A S T B .3812** .4079** .2001** .1418 .3938** .3721**
N A S O F R O N .2961** .2807** .1678* .0147 .2053** .2782**
N S P R O S .2605** . 6743** .0881 .1713* .3961** .3968**
G L A B P R O M .2088** .2133** .1388 -.0040 .3097** .2457**
B I E C T B I D A C A L V L ALV 3 M A S T L M A S T W
M A X B I P .5047** .3463** .2698** .3643** .2700** .2174**
M A X C R .5073** .3485** .2669** .3680** .2735** .2161**
G L O P C .6203** .4628** .5317** .5205** .4576** .4696**
N O P C . 6066** .4470** .5490** .5198** .4284** .4500**
Correlations:
GLLA
NLA
3ASBREG
BASN
BASNS
BASPROS
BAS LA
BASIN
BIAURIC
BIAST
GLBREG
NBREG
METHT
NMET
MAXSORB
MINCR
MINPORB
BIZYG
BIZYGOM
BIMAXF
MAXBIFRO
BISTEPH
OP IN
OPOPC
OP LA
OP AST
OPN
FML
FMB
BIMAST
BASSPH
BASOCCB
BASAST
LABREG
PARST
BREGPARS
LAIN
LAAST
AURBREG
AURGL
AURN
AURNS
AURPROS
AURZYGOM
AURLA
AURIN
AUROP
AURBAS
AURAST
NIN
NNS
NPROS
NASB
ORBHT
ORBB
CHKHT
3IECT
BIDAC
3IECT
.5943**
.4978**
.3913**
.5278**
.3676**
.4320**
.3956**
.2623**
.6335**
. 4538**
.4781**
.4321**
.0095
.2250**
.9117**
.4943**
.7145**
.7981**
. 6680** 
.5978** 
.9356**
. 3666** 
-.0121 
.1227 
.2066** 
.2403** 
.6265** 
.4426** 
.2445** 
.5330** 
.1855* 
.3097** 
.5020** 
.3651** 
.0139 
.2094** 
.2955** 
.3972** 
.5892** 
.7117** 
.6998** 
.5941** 
.6326** 
.5260** 
.5423** 
.4767** 
.5397** 
.5625** 
.4084** 
.5388** 
.4776** 
.5441** 
.4456** 
.3020** 
.7608** 
.4113** 
1.0000 
.6625**
3IDAC
.4269** 
.3479** 
.2200** 
.3390** 
.2489** 
.2785** 
.2437** 
.1429 
. 4267** 
.2935** 
.3347** 
.3245** 
.0232 
.1475*
. 6384** 
.2817** 
.5175** 
.5346** 
.4475** 
.7599**
. 6269** 
.2905** 
-.0587 
.0057 
.1099 
.1076 
. 4074** 
.2830** 
.1030 
.2629** 
.1086 
.2216** 
.3277** 
.2747** 
-.0349 
.1461* 
.2669** 
.2049** 
.3953** 
.5191** 
.5187** 
.4198** 
.4280** 
.4563** 
.3062** 
.2887** 
.3020** 
.3448** 
.2671** 
.3988** 
.200 2** 
.2418** 
.3224** 
.0013 
.2693** 
.3733** 
.6625** 
1.0000
ALVL
.5067**
.4294**
.2927**
.4691**
.5399**
.7520**
.3254**
.1189
.2915**
.2765**
.3219**
.3131**
.0457
.1331
.4990**
.1548*
.3014**
.3858**
.3986**
.3431**
.4979**
.1420
.0624
.1716*
.3316**
.1706*
.4607**
.1286
.1452
.3621**
.0768
.1876*
.2973**
.3444**
-.0287
.1926**
.3494**
.3845**
.4011**
.4646**
.4699**
.5643**
.7286**
.4429**
.4494**
.2986**
.2613**
.2363**
.3513**
.4792**
.4246**
.5296**
.3871**
.2114**
.3359**
.3376**
.4713**
.3076**
ALVB
.5230**
.4804**
.4310**
.4124**
.2897**
.3989**
.4634**
.2690**
.5377**
.4344**
.3945**
.3399**
-.0378
.0628
.5149**
.3515**
.3952**
.5693**
.5884**
.2419**
.5289**
.1560*
.0436
.1959**
.2801**
.3256**
.4871**
.3674**
.2391**
.4910**
.1621*
.3547**
.5116**
.3780**
.0119
.2607**
.3125**
.4051**
.4777**
.5166**
.5184**
.5395**
.6229**
.2815**
.5331**
.4658**
.5232**
.5335**
.4135**
.5046**
.5200**
.5766**
.4483**
.2344**
.4700**
.5148**
.5558**
.3157**
MASTL
.4872**
.4225**
.5024**
.4430**
.2939**
.2800**
.3706**
.1171
.5079**
.3632**
.4204**
.3440**
-.0187
.1633*
.4082**
.3779**
.3761**
.4653**
.3409**
.1696*
.4209**
.0782
-.1283
.1061
.1558*
.2723**
.4755**
.3379**
.2935**
.2974**
.2501**
.3400**
.4262**
.3849**
.1779*
.2929**
.2960**
.3253**
.4158**
.4256**
.4099**
.4291**
.4241**
.2749**
.4787**
.4207**
.5704**
.5582**
.4011**
.4201**
.3268**
.3128**
.2637**
.0595
.2548**
.3870**
.4029**
.2805**
MASTW
.4791**
.4174**
.4313**
.4212**
.2985**
.3364**
.3804**
.2398**
.3423**
.2958**
.4557**
. 4074** 
.0055 
.2332** 
.4443** 
.4300** 
.3567** 
.4334** 
.3560** 
.2046** 
.4566** 
.1956** 
-.0197 
.1191 
.1736* 
.1782* 
.4456** 
.3323** 
.2673** 
.3095** 
.2318** 
.3035** 
.3425** 
.2904** 
.1025 
.2216** 
.2274** 
.2645** 
.4248** 
.4113** 
.3913** 
.3790** 
.4081** 
.2241** 
.4323** 
.3364** 
.3096** 
.3298** 
.3427** 
.4064** 
.3881** 
.4052** 
.1718* 
.1300 
.3678** 
.3644** 
.4290** 
.2711**
C o r r e l a t i o n s : B I E C T B I D A C AL V L A L V B M A S T L M A S T W
A L V L .4713** .3076** 1 . 0 0 0 0 .4972** .2603** .3264**
A L V B .5558** .3157** .4972** 1 . 0 0 0 0 .4794** .3708**
M A S T L .4029** .2805** .2603** .4794** 1 . 0 0 0 0 .5577**
M A S T W .4290** .2711** .3264** .3708** .5577** 1 . 0 0 0 0
M A S T B .4961** .3174** .3339** .4562** .5251** .6374**
N A S O F R O N .3671** .3494** .1955** .2655** .2107** .2120**
N S P R O S .4002** .1617* .4134** .3959** .2077** .2816**
G L A B P R O M .3703** .2476** .0979 .2565** .3905** .3650**
M A S T B N A S O F R O N N S P R O S G L A B P R O M
M A X B I P .3391** .1798* .3348** .2580**
M A X C R .3464** .1842* .3309** .2641**
G L O P C .4629** .2906** .3264** .3966**
N O P C .4428** .2974** .3344** .2917**
G L L A .4676** .2703** .2995** .3896**
N L A .4160** .2679** .2597** .2953**
B A S 3 R E G .3902** .2812** .2421** .2916**
B A S N .3853** .3899** .2487** .3090**
3 A S N S .2627** .2222** .0288 .2104**
B A S P R O S .3260** .2768** .2996** .1924**
BA S  LA .3949** .1361 .3221** .2053**
B A S I N .2525** .1084 .2854** .1509*
B I A U R I C .5240** .3234** .3548** .3734**
B I A S T .4228** .2877** .2245** .2392**
G L B R E G .4156** .2840** .3277** .4144**
N B R E G .3609** .2660** .3303** .2614**
M E T H T -.0 0 2 3 .0330 -.0471 -.1 0 1 7
N M E T .2025** .1173 .2835** .2832**
M A X S O R B .4774** .3323** .3809** .3760**
M I N C R .3987** .1656* .2742** .2855**
M I N P O R B .4257** .2974** .2525** .2257**
B I Z Y G .5603** .3645** .3885** .4523**
B I Z Y G O M .5064** .2797** .3374** .2293**
B I M A X F .2777** .3735** .1858* .2254**
M A X B I F R O .4876** .3347** .3818** .4144**
B I S T E P H .1480* .2094** .1910* .0662
OP IN .0228 .0054 .1452 -.0800
O P O P C .1024 -.0408 .1173 - . 0 2 6 6
OP L A .2130** .1077 .2530** .0029
OP AST .2593** .1353 .1108 .1745*
OP N .4372** .3981** .2948** .3507**
F M L .3088** .2170** .2518** .2862**
FM B .1836* .1032 .1951** .2374**
B I M A S T .4590** .2308** .3050** .2624**
B A S S P H .2112** .1705* .0775 .1778*
B A S O C C B .3136** .2550** .2044** .2126**
B A S A S T .3991** .2565** .2553** .3297**
L A B R E G .2756** .1566* .1163 .1900*
P A R S T .0037 -.0458 - . 1 5 3 3 * .0733
B R E G P A R S .2001** .1175 .0490 .1974**
L A I N .2547** .1744* .1807* .1032
L A A S T .3737** .0897 .3020** .1003
A U R B R E G .4823** .3952** .3367** .2968**
A U R G L .4945** .3956** .3850** .4596**
A U R N .4778** .4349** .3885** .3454**
A U R N S .4074** .3055** .2958** .2932**
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Correlations: MASTB NASOFRON NSPROS GLABPROM
AURPROS . 4399** .3548** .5168** .2758**
AURZYGOM .2953** .2935** .3278** .2098**
AURLA .5149** .1846* .3481** .2703**
AURIN .4283** .2237** .3040** .2803**
AUROP .4408** .2437** .2942** .3395**
AURBAS .4597** .3060** .3505** .3653**
AURAST .3784** .1475* .2510** .3714**
NIN .4226** .3579** .2982** .2499**
NNS .3812** .2961** .2605** .2088**
NPROS .4079** .2807** .6743** .2133**
NASB .2001** .1678* .0881 .1388
ORBHT .1418 .0147 .1713* -.0040
ORBB .3938** .2053** .3961** .3097**
CHKHT .3721** .2782** .3968** .2457**
BIECT .4961** .3671** .4002** .3703**
BIDAC .3174** .3494** .1617* .2476**
ALVL .3339** .1955** .4134** .0979
ALVB .4562** .2655** .3959** .2565**
MASTL .5251** .2107** .2077** .3905**
MASTW .6374** .2120** .2816** .3650**
MASTB 1 . 0 0 0 0 .2465** .3038** .3321**
NASOFRON .2465** 1 . 0 0 0 0 .1819* .0626
NSPROS .3038** .1819* 1 . 0 0 0 0 .1985**
GLABPROM .3321** .0626 .1985** 1 . 0 0 0 0
N of cases: 256 1-tailed Signif: * - .01 ** .001
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variables. As a result, the major criterion for deleting a variable 
from the variable list is that it be significantly correlated (p < 
.001) with a variable to be included in the final variable list, and 
that the variable pair measure the same basic morphological feature.
Secondary factors taken into account when deciding which variables 
were to be deleted included a visual assessment of the degree of 
regional variability for each variable using a simple line plot, and 
the number of missing cases recorded in each region for each variable. 
Variables which appeared to have little regional variability in their 
mean values or which had a high percentage of missing cases for each 
region were considered for rejection.
The following variables were deleted from the metric variable list 
on the basis of the criteria discussed above:
MAXCR - correlates with MAXBIP. Measures of vault breadth.
NOPC - correlates with GLOPC. Measures of vault length.
GLLA - correlates with GLOPC. Measures of vault length.
NLA - correlates with GLOPC. Measures of vault length.
BIAST - correlates with BIAURIC. Measures of basal breadth.
BASIN - correlates with BASLA. Measures of posterior vault
projection.
GLBREG - correlates with NBREG. NBREG must remain for computation of 
the frontal curvature index.
MINCR - correlates with MINPORB. Measures of anterior vault breadth.
BIZYGOM - correlates with BIZYG. Measures of midfacial breadth.
MAXBIFRO - correlates with MAXSORB. Measures of upper facial breadth.
BISTEPH - correlates with MAXBIP. Measures of vault breadth.
OPIN - correlates with BASLA. Measures of posterior vault projection.
Little variation in regional mean values. Also too many 
missing cases.
OPOPC - too many missing cases.
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OPLA - correlates with BASLA. Measures of posterior vault projection.
OPAST - correlates with AURBAS. Measures of basal breadth and depth.
OPN - correlates with BASN. Measures of upper facial projection.
BIMAST - correlates with BIAURIC. Measures of basal breadth.
BASSPH - correlates with BASN. Little variation in regional mean 
values.
BASOCCB - correlates with BIAURIC. Measures of basal breadth.
BASAST - correlates with AURBAS. Measures of basal breadth and depth.
AURBREG - correlates with BASBREG. Measures of vault height.
AURGL - correlates with BASN. Measure of upper facial projection.
AUEN - correlates with BASN. Measure of upper facial projection.
AURNS - correlates with BASNS. Measures of upper facial projection.
AURPROS - correlates with BASPROS. Measures of subnasal projection.
AURZYGOM - correlates with BASPROS. Measures of subnasal projection.
AURLA - correlates with BASLA. Measures of posterior vault
projection.
AURIN - correlates with BASLA. Measures of posterior vault
projection.
AUROP - too many missing cases.
AURAST - correlates with GLOPC. Measures of vault length.
NIN - correlates with GLOPC. Measures of vault length.
BIECT - correlates with ORBB. Measures of orbital breadth.
BIDAC - correlates with BIMAXF. Measures of interorbital breadth. 
MASTW - correlates with MASTL. Measures of mastoid size.
MASTB - correlates with MASTL. Measures of mastoid size.
97
4.4 Addition of New Metrie Variables
A further manipulation of the data set was to calculate a number 
of indices and angles that will assist in summary discussion of the 
metric chord variables when each is examined using standard univariate 
procedures. Indices and angles are useful descriptive variables in 
that they enable the combination of a small number of linear 
measurements into a single variable which quantifies a generalised 
morphological feature such as vault shape or facial prognathism. The 
indices and angles that I have included in the univariate analyses are 
listed in Table 7. Descriptions and definitions of these variables 
are provided in Appendix 1.
4.5' Metrical Verification of Sex and Deletion of Female Cases
A final refinement of the data set was to run a multivariate 
probability check, of the visual sex determinations discussed in 
Chapter 3. The verification technique used is in fact a compromise 
between visual 'subjectivity' and statistical 'objectivity', for it 
combines elements of both, although ideally the multivariate metrical 
assessment of sex is meant to be independent of any visual 
determination. I am grateful to Yvonne Pittelkow, Coombs Computing 
Service, Australian National University, for advice in developing this 
technique.
The major purpose of discriminant function analysis is to predict 
group membership on the basis of a variety of predictor variables 
(Tabachnick and Fidell 1983:292). A more complete discussion of the
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Table 7. Nine indices and three angles calculated and added to the 
metric data set
Indices Angles
Cranial module CM1 Prosthion angle PA
Cranial index Cl Nasospinale angle NA
Frontal curvature index FCI Subnasal angle SA
Parietal curvature index PCI
Upper facial index UFI
Orbital index 01
Nasal index NI
Maxillo-alveolar index MI
Gnathic index GI
1 Variable codes.
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mathematical basis and procedure of discriminant function analysis is 
reserved for Chapter 5. It is sufficient to note here that the 
technique maximises the discrimination between population samples 
defined by a single grouping variable (in the present case sex) on the 
basis of a series of multivariate observations derived from a 
statistical manipulation of the predictor variables. A discriminant 
coefficient is produced for each of the predictor variables such that, 
for an isolated case, the probability of group membership is 
determined by the sum of the predictor variables multiplied 
individually by their respective discriminant coefficients.
Of particular importance in the present case is that it is
possible to test the adequacy of classification. Once the
discriminant function is derived (only a single function can be
derived from a two-group analysis) , the cases which were initially
used to determine the function are then reclassified on the basis of 
this same function as a test of its accuracy. Casewise information 
summarising this reclassification procedure can then be extracted and 
examined for discrepancies.
Each cranium was assigned its sex (observed or predetermined 
group) on the basis of a visual determination and then processed 
through the discriminant procedure. This may seem like a circular 
exercise, where the original determination being tested by the 
procedure is in fact being used within the procedure to determine the 
observed group. The aim, however, is not to derive a totally 
independent method of verification based on the discriminant analysis 
alone. The purpose in using the multivariate procedure is to check 
for outliers with a low probability of belonging to the sex originally
allocated.
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A final decision regarding the sex of an individual where there 
was disagreement between the visual and discriminant sex 
determinations was only reached after the discriminant classification 
probabilities were inspected and photographs of frontal and lateral 
views were examined.
This sexing verification technique has been applied separately,to 
each region. A worked example of the procedure is provided in 
Appendix 5, along with summary information relating to the procedure 
as applied to each region. Table 8 lists the final sex composition 
for all regional samples to be used in the present study. It is clear 
that for most regions, males far outnumber females. This is possibly 
the result of either environmental conditions favouring the 
preservation of the heavier, more robust male crania, mortuary 
practices which have resulted in more men than women being deposited 
in ossuaries, or a combination of both.
Due to the limitations which small sample size can place on both 
univariate and multivariate metrical techniques, I have chosen to 
delete the female crania from further analysis within the present 
study. A comparison of results derived from both male and female data 
sets recorded from the same regions might prove to be an interesting 
methodological exercise, but as Pietrusewsky (1984) has pointed out, 
the results of such sex-based comparative analyses tend to result in
generally similar conclusions.
Table 8. Verified sex composition of 16 regional samples
Region Males Females Total
Buang Mountains 27 21 48
Upper Markham Valley 49 30 79
Finschhafen Coast 47 14 61
Astrolabe Bay 9 2 11
Upper Sepik River 5 1 6
Wutung 4 0 4
Mariko 9 1 10
Chimbu Gorge 52 11 63
Nebilyer-Kaugal 23 6 29
Erave 9 1 10
Menyamya 6 1 7
Telefolip-Oksapmin 9 2 11
Lake Kutubu 30 14 44
Kikori River 36 9 45
Goaribari Island 85 42 127
Purari River Delta 27 4 31
Totals 427 159 586
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CHAPTER 5
THE CENTRAL HIGHLANDS: DESCRIPTIVE AND STATISTICAL ANALYSES
5.1 Introduction
In this chapter I present a series of analyses which have been 
designed to investigate population variability within the Central 
Highlands Division. As outlined in previous chapters, this is the 
first time such an investigation based on craniometric data has ever 
been undertaken, and the analyses are therefore largely descriptive in 
approach. Methodologies underlying the statistical procedures used in 
this chapter and in Chapter Six are described in detail.
Section 5.2 introduces in univariate fashion the metrical 
variability of the four regions comprising the Division (Mariko [MA]; 
Chimbu Gorge [CG]; Nebilyer-Kaugel [NK]; Erave [ER]). Section 5.3 
presents the results of a one-way univariate analysis of variance 
which examines the degree of within-group variation relative to the 
amount of between-group variation throughout the Division. Lastly, 
Section 5.4 is an investigation of population variability using two 
multivariate statistical procedures, discriminant and cluster 
analysis. The discriminant procedure not only allows some comment on 
the pattern of regional relationships within the Division, it also 
permits identification of the particular suite of morphological 
features which contribute most to that pattern. The cluster procedure 
is used simply as a graphical adjunct to the discriminant analysis.
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All of the statistical analyses described in Chapters Five and Six 
were performed using the SPSS/PC+ Version 3.0 microcomputer 
statistical package (Norusis and SPSS Inc. 1988a,b,c).
5.2 Descriptive Analysis
In this section, the 47 vault and facial variables which comprise 
the full metric data set are individually presented and described for 
the four Central Highlands regions. Summary statistics including the 
number of cases, means, standard deviations, minimum and maximum 
values and approximations to the normal distribution using the 
Shapiro-Wilk statistic (W) are given for each region in Tables 9 to 
12. The assessment of statistically significant variation between the 
regional means is limited to a series of pairwise comparisons using 
Student's t (SPSS/PC+ procedure T-TEST; Norusis and SPSS Inc. 
1988a :B117-129) . The results of the t-test analyses for the six 
possible regional pairwise comparisons are given in Tables 13 to 18 
and discussed more fully in Section 5.2.3.
The order in which the individual variables are presented has been 
structured to reflect major morphological features of the cranium. A 
basic division is made between the cranial vault and the facial
skeleton.
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Table 9. Descriptive statistics for the MariJco regional sample. 
chord measurements are given in mm, angles in degrees
n X sd min max CV W1
G l a b e l l a - o p i s t h o c r a n i o n 9 180.3 5.05 173.0 188.0 2.80 . 944
M a x i m u m  b i - p a r i e t a l  br. 9 137.8 3.90 134.0 145.0 2.83 .870
B i - a u r i c u l a r e 9 122.8 5.45 116.0 134.0 3.95 .901
B a s i o n - b r e g m a 9 131.1 6.45 123.0 141.0 4.92 . 902
M a x i m u m  s u p r a o r b i t a l  br. 9 106.0 2.12 104.0 111.0 2.00 .806
M i n i m u m  p o s t o r b i t a l  br. 9 89.8 2.91 87.0 95.0 3.24 .847
N a s i o n - b r e g m a 9 109.7 4.90 102.0 117.0 4.47 .960
M e t o p i o n  h e i g h t 9 26.9 1.54 25.0 30.0 5.72 .896
N a s i o n - m e t o p i o n 9 49.9 1.36 48.0 52.0 2.72 .931
G l a b e l l a  p r o m i n e n c e 9 3.2 1.56 1.0 6.0 48.75 .951
L a m b d a - b r e g m a 9 111.0 5.34 101.0 119.0 4.81 .935
P a r i e t a l  s u b t e n s e  h t . 9 22.2 2.68 18.0 26.0 12.07 .937
B r e g m a - p a r i e t a l  s u b t e n s e 9 59.0 4.06 54.0 65.0 6.88 .927
M a s t o i d  l e n g t h 9 32.8 2.33 29.0 36.0 7.10 .950
L a m b d a - a s t e r i o n 9 86.8 7.28 76.0 100.0 8.39 .939
L a m b d a - i n i o n 9 70.9 7.20 62.0 81.0 10.15 .852
B a s i o n - l a m b d a 9 117.2 5.19 108.0 124.0 4.43 .948
A u r i c u l a r e - b a s i o n 9 65.6 2.30 62.0 63.0 3.51 .891
F o r a m e n  m a g n u m  len g t h 9 34.7 1.50 32.0 37.0 4.32 .926
F o r a m e n  m a g n u m  b r e a d t h 9 30.0 1.14 28.0 32.0 3.80 .911
N a s i o n - p r o s t h i o n 8 69.2 4.62 62.0 77.0 6.68 .980
B i - z y g i o n 7 132.3 3.25 126.0 135.0 2.46 .827
N a s i o n - n a s o s p i n a l e 9 51.3 3.08 46.0 56.0 6.00 .849
N a s a l  b r e a d t h 8 27.6 0.92 26.0 29.0 3.33 .905
C h e e k  h e i g h t 9 20.7 1.94 18.0 23.0 9.37 .887
O r b i t a l  h e i g h t 9 34.6 2.74 30.0 38.0 7.92 .936
O r b i t a l  b r e a d t h 9 39.9 0.78 39.0 41.0 1.95 .838
3 i - m a x i l l o f r o n t a l e 9 23.8 1.56 22.0 27.0 6.55 .906
N a s o f r o n t a l  a r t i c u l a t i o n 9 9.8 2.05 6.0 12.0 20.92 .907
A l v e o l a r  l e n g t h 8 60.6 2.87 56.0 66.0 1.65 .847
A l v e o l a r  b r e a d t h 8 67.5 2.20 65.0 71.0 3.26 .928
B a s i o n - n a s i o n 9 96.1 3.14 91.0 101.0 3.26 .955
B a s i o n - n a s o s p i n a l e 9 91.3 2.83 87.0 95.0 3.10 .936
B a s i o n - p r o s t h i o n 8 102.2 3.69 94.0 106.0 3.61 .825
N a s o s p i n a l e - p r o s t h i o n 8 20.7 3.37 14.0 25.0 16.28 .928
P r o s t h i o n  a n g l e 8 64.7 3.46 60.5 71.7 5.35 .893
N a s o s p i n a l e  ang l e 9 79.3 2.20 76.1 82.8 2.77 .964
S u b n a s a l  a n g l e 8 53.6 5.74 43.0 60.7 10.71 .872
C r a n i a l  m o d u l e 9 149.7 3.33 146.0 156.7 2.22 .910
C r a n i a l  i n d e x 9 76.5 3.55 71.3 83.8 4.64 .940
F r o n t a l  c u r v a t u r e  i n d e x 9 24.5 1.19 22.1 26.2 4.86 .928
P a r i e t a l  c u r v a t u r e  i n d e x 9 20.0 2.36 16.8 23.2 11.80 .883
U p p e r  f a c i a l  i n d e x 7 52.5 3.50 47.3 57.0 6.67 .937
O r b i t a l  i n d e x 9 86.6 6.56 76.9 94.9 7.57 .931
N a s a l  i n d e x 8 54.5 2.39 51.0 58.7 4.38 .941
M a x i l l o - a l v e o l a r  ind e x 8 111.4 2.82 107.6 116.1 2.53 .970
G n a t h i c  i n d e x 8 106.7 4.27 97.9 112.1 4.00 .903
 ^ S h a p i r o - W i l k  s t a t i s t i c = P < .01
All
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Table 10. Descriptive statistics for the Chimbu Gorge regional sample. 
All chord measurements are given in mm, angles in degrees
n X sd min max CV W 1
G l a b e l l a - o p i s t h o c r a n i o n 52 183.7 5.93 172.0 199.0 3.22 .974
M a x i m u m  b i - p a r i e t a l  br. 52 135.8 4.82 124.0 146.0 3.55 .973
B i - a u r i c u l a r e 51 123.9 4.64 113.0 134.0 3.74 .983
B a s i o n - b r e g m a 52 132.7 3.66 127.0 141.0 2.76 .943
M a x i m u m  s u p r a o r b i t a l  br. 49 108.6 4.20 100.0 121.0 3.87 .981
M i n i m u m  p o s t o r b i t a l  br. 52 89.5 3.60 77.0 98.0 4.02 .975
N a s i o n - b r e g m a 51 111.6 4.80 101.0 122.0 4.30 .979
M e t o p i o n  h e i g h t 51 25.0 2.29 19.0 29.0 9.16 .965
N a s i o n - m e t o p i o n 51 52.0 3.69 42.0 60.0 7.10 .968
G l a b e l l a  p r o m i n e n c e 52 3.6 1.33 0.0 6.0 36.94 .930
L a m b d a - b r e g m a 52 112.9 5.95 91.0 127.0 5.27 .944
P a r i e t a l  s u b t e n s e  h t . 52 23.2 3.21 15.0 30.0 13.84 .957
B r e g m a - p a r i e t a l  s u b t e n s e 52 57.3 4.59 46.0 67.0 8.01 .978
M a s t o i d  l e n g t h 49 31.1 3.52 23.0 39.0 11.32 .980
L a m b d a - a s t e r i o n 51 85.6 5.12 70.0 96.0 5.98 .969
L a m b d a - i n i o n 51 69.3 6.05 56.0 83.0 8.73 .975
B a s i o n - l a m b d a 50 116.0 4.39 106.0 125.0 3.78 .964
A u r i c u l a r e - b a s i o n 51 66.1 2.49 61.0 70.0 3.77 .942
F o r a m e n  m a g n u m  len g t h 50 36.0 2.49 29.0 40.0 6.92 .938
F o r a m e n  m a g n u m  b r e a d t h 49 29.0 1.84 25.0 33.0 6.34 .960
N a s i o n - p r o s t h i o n 44 70.9 4.42 61.0 79.0 6.23 .969
B i - z y g i o n 38 134.8 5.01 121.0 144.0 3.72 .972
N a s i o n - n a s o s p i n a l e 52 51.6 3.41 44.0 58.0 6.61 .968
N a s a l  b r e a d t h 51 26.0 1.53 22.0 29.0 5.88 .911*
C h e e k  h e i g h t 52 23.1 1.97 19.0 28.0 8.53 .949
O r b i t a l  h e i g h t 52 33.7 1.85 28.0 37.0 5.49 .940
O r b i t a l  b r e a d t h 52 40.0 1.73 35.0 43.0 4.32 .905*
B i - m a x i l l o f r o n t a l e 51 23.6 1.89 21.0 29.0 8.01 .915*
N a s o f r o n t a l  a r t i c u l a t i o n 48 11.7 2.08 8.0 15.0 17.78 .916*
A l v e o l a r  l e n g t h 48 59.5 2.84 53.0 66.0 4.77 .972
A l v e o l a r  b r e a d t h 44 67.2 3.44 61.0 74.0 5.12 .947
B a s i o n - n a s i o n 52 100.3 2.98 94.0 107.0 2.97 .963
B a s i o n - n a s o s p i n a l e 52 94.3 3.75 86.0 105.0 3.98 .981
B a s i o n - p r o s t h i o n 44 102.7 4.24 94.0 113.0 4.13 .975
N a s o s p i n a l e - p r o s t h i o n 44 21.5 2.37 16.0 26.0 11.02 .965
P r o s t h i o n  ang l e 44 67.9 3.29 60.3 76.5 4.84 .986
N a s o s p i n a l e  ang l e 52 81.2 3.83 71.5 89.6 4.72 .976
S u b n a s a l  ang l e 44 62.3 6.59 41.7 80.9 10.58 .978
C r a n i a l  m o d u l e 52 150.7 3.58 143.7 157.7 2.37 .966
C r a n i a l  ind e x 52 74.0 2.78 68.4 80.2 3.76 .975
F r o n t a l  c u r v a t u r e  ind e x 51 22.4 1.64 17.8 26.1 7.32 .981
P a r i e t a l  c u r v a t u r e  ind e x 52 20.6 2.58 12.3 26.1 12.52 .942
U p p e r  f a c i a l  i n d e x 33 52.9 3.35 45.9 58.8 6.33 .970
O r b i t a l  ind e x 52 84.4 4.83 73.7 94.7 5.72 .974
N a s a l  i n d e x 51 50.6 4.55 41.4 63.6 8.99 .952
M a x i l l o - a l v e o l a r  i n d e x 42 112.9 7.48 98.5 139.6 6.62 .933
G n a t h i c  i n d e x 44 102.3 4.17 91.3 111.2 4.08 .990
- S h a p i r o - W i l k  s t a t i s t i c * = p < .01l
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Table 11. Descriptive statistics for the Nebilyer-Kaugel regional 
sample. All chord measurements are given in mm, angles in 
degrees
n X sd min max CV W 1
G l a b e l l a - o p i s t h o c r a n i o n 23 189.9 5.12 179.0 199.0 2.70 .970
M a x i m u m  b i - p a r i e t a l  br. 23 134.6 4.42 127.0 141.0 3.28 .934
3 i - a u r i c u l a r e 23 122.8 3.52 117.0 129.0 2.87 .938
B a s i o n - b r e g m a 23 133.1 4.42 123.0 142.0 3.32 .981
M a x i m u m  s u p r a o r b i t a l  br. 22 108.8 4.34 99.0 114.0 3.99 .933
M i n i m u m  p o s t o r b i t a l  br. 23 87.9 2.74 82.0 94.0 3.12 .974
N a s i o n - b r e g m a 23 112.8 4.91 104.0 124.0 4.35 .944
M e t o p i o n  h e i g h t 23 25.2 2.04 22.0 29.0 8.09 .928
N a s i o n - m e t o p i o n 23 50.3 2.93 47.0 60.0 5.82 .826*
G l a b e l l a  p r o m i n e n c e 23 3.8 1.54 1.0 6.0 40.53 .901
L a m b d a - b r e g m a 23 117.4 6.32 108.0 131.0 5.38 .949
P a r i e t a l  s u b t e n s e  h t . 23 25.5 2.68 21.0 32.0 10.51 .948
B r e g m a - p a r i e t a l  s u b t e n s e 23 60.4 5.99 47.0 74.0 9.92 . 977
M a s t o i d  l e n g t h 23 32.6 2.69 27.0 37.0 8.25 .968
L a m b d a - a s t e r i o n 23 85.8 4.07 76.0 92.0 4.74 .958
L a m b d a - i n i o n 23 70.0 5.49 60.0 82.0 7.84 .983
B a s i o n - l a m b d a 23 118.2 4.09 109.0 125.0 3.46 .951
A u r i c u l a r e - b a s i o n 23 65.5 1.81 61.0 69.0 2.76 .936
F o r a m e n  m a g n u m  l e n g t h 23 36.1 2.00 32.0 39.0 5.54 .944
F o r a m e n  m a g n u m  b r e a d t h 23 29.8 1.62 27.0 33.0 5.43 .942
N a s i o n - p r o s t h i o n 19 71.3 3.38 66.0 79.0 4.74 .959
B i - z y g i o n 20 134.3 5.68 123.0 146.0 4.23 .964
N a s i o n - n a s o s p i n a l e 23 52.4 2.62 48.0 57.0 5.00 .939
N a s a l  b r e a d t h 23 25.8 1.73 23.0 29.0 6.70 .950
C h e e k  h e i g h t 23 21.2 2.19 18.0 26.0 10.33 .947
O r b i t a l  h e i g h t 23 33.6 1.37 30.0 36.0 4.08 .924
O r b i t a l  b r e a d t h 23 40.2 1.27 38.0 42.0 3.16 .912
B i - m a x i l l o f r o n t a l e 23 24.3 1.74 22.0 28.0 7.16 .923
N a s o f r o n t a l  a r t i c u l a t i o n 23 11.3 1.58 8.0 14.0 13.98 .932
A l v e o l a r  len g t h 21 60.8 2.98 54.0 66.0 4.90 .970
A l v e o l a r  b r e a d t h 20 67.2 3.29 59.0 71.0 4.89 .903
B a s i o n - n a s i o n 23 103.0 3.73 95.0 109.0 3.62 .936
B a s i o n - n a s o s p i n a l e 23 97.7 3.47 91.0 105.0 3.55 .984
B a s i o n - p r o s t h i o n 19 103.7 4.55 97.0 114.0 4.39 .950
N a s o s p i n a l e - p r o s t h i o n 19 19.9 2.45 14.0 25.0 12.31 .956
P r o s t h i o n  ang l e 19 69.6 3.59 65.4 77.3 5.16 .892
N a s o s p i n a l e  ang l e 23 80.5 3.16 75.7 86.5 3.92 .954
S u b n a s a l  ang l e 19 68.6 6.29 56.0 81.8 9.17 .958
C r a n i a l  m o d u l e 23 152.5 3.69 146.3 159.3 2.42 .973
C r a n i a l  i n d e x 23 70.9 2.56 65.8 74.6 3.61 .931
F r o n t a l  c u r v a t u r e  i n d e x 23 22.3 1.12 20.2 24.0 5.02 .938
P a r i e t a l  c u r v a t u r e  i n d e x 23 21.7 1.60 19.3 24.8 7.37 .958
U p p e r  f a c i a l  i n d e x 16 53.0 2.53 48.9 58.9 4.77 .946
O r b i t a l  i n d e x 23 83.7 3.71 76.2 92.3 4.43 ,.984
N a s a l  i n d e x 23 49.3 3.70 44.4 60.4 7.51 .919
M a x i l l o - a l v e o l a r  ind e x 20 110.4 4.67 104.5 122.4 4.23 .926
G n a t h i c  i n d e x 19 100.5 4.09 91.5 106.5 4.07 .943
■*- S h a p i r o - W i l k  s t a t i s t i c ★ = P < .01
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Table 12. Descriptive statistics for the Erave regional sample. 
chord measurements are given in mm, angles in degrees
n X sd min max CV W 1
G l a b e l l a - o p i s t h o c r a n i o n 9 185.0 6.24 175.0 194.0 3.37 .955
M a x i m u m  b i - p a r i e t a l  br. 9 133.4 2.01 131.0 138.0 1.51 .859
B i - a u r i c u l a r e 9 122.3 5.05 116.0 131.0 4.13 .952
B a s i o n - b r e g m a 9 134.3 3.43 128.0 140.0 2.55 .960
M a x i m u m  s u p r a o r b i t a l  br. 9 107.8 3.99 103.0 113.0 3.70 .874
M i n i m u m  p o s t o r b i t a l  br. 9 90.8 2.73 88.0 95.0 3.01 .864
N a s i o n - b r e g m a 9 111.0 4.24 102.0 118.0 3.82 .903
M e t o p i o n  h e i g h t 9 25.1 2.42 22.0 29.0 9.64 . 937
N a s i o n - m e t o p i o n 9 47.0 3.61 42.0 55.0 7.68 .893
G l a b e l l a  p r o m i n e n c e 9 2.4 0.53 2.0 3.0 22.08 .654*
L a m b d a - b r e g m a 9 118.6 6.00 112.0 132.0 5.06 .861
P a r i e t a l  s u b t e n s e  h t . 9 26.4 1.81 24.0 30.0 6.86 .952
B r e g m a - p a r i e t a l  s u b t e n s e 9 62.3 4.64 56.0 69.0 7.45 .900
M a s t o i d  l e n g t h 9 31.8 2.73 28.0 36.0 8.58 .947
L a m b d a - a s t e r i o n 9 83.8 4.79 76.0 93.0 5.71 .958
L a m b d a - i n i o n 9 68.0 4.69 60.0 76.0 6.90 .989
B a s i o n - l a m b d a 9 116.8 3.46 111.0 122.0 2.96 .971
A u r i c u l a r e - b a s i o n 9 65.4 2.45 62.0 69.0 3.75 .937
F o r a m e n  m a g n u m  len g t h 9 34.8 2.11 30.0 37.0 6.06 .848
F o r a m e n  m a g n u m  b r e a d t h 9 29.9 1.83 27.0 32.0 6.12 .833
N a s i o n - p r o s t h i o n 7 69.0 6.00 61.0 78.0 8.69 .914
B i - z y g i o n 5 131.8 4.97 125.0 138.0 3.77 .981
N a s i o n - n a s o s p i n a l e 9 51.8 3.19 48.0 58.0 6.16 . 904
N a s a l  b r e a d t h 8 27.0 1.60 24.0 29.0 5.92 .917
C h e e k  h e i g h t 9 22.1 2.26 19.0 25.0 10.23 .920
O r b i t a l  h e i g h t 9 34.3 1.94 31.0 37.0 5.65 .932
O r b i t a l  b r e a d t h 9 39.8 1.09 38.0 41.0 2.74 .883
B i - m a x i l l o f r o n t a l e 9 23.6 2.07 20.0 26.0 8.77 .931
N a s o f r o n t a l  a r t i c u l a t i o n 9 13.0 2.87 8.0 17.0 22.08 .946
A l v e o l a r  l e n g t h 8 58.4 2.92 55.0 63.0 5.00 .938
A l v e o l a r  b r e a d t h 7 66.7 2.56 63.0 70.0 3.84 .962
B a s i o n - n a s i o n 9 101.9 3.98 95.0 109.0 3.90 .983
B a s i o n - n a s o s p i n a l e 9 94.8 4.24 87.0 99.0 4.47 .898
B a s i o n - p r o s t h i o n 7 100.0 5.97 91.0 108.0 5.97 .959
N a s o s p i n a l e - p r o s t h i o n 7 19.7 3.15 14.0 24.0 15.99 .927
P r o s t h i o n  a n g l e 7 71.1 3.04 65.7 74.6 4.27 .911
N a s o s p i n a l e  ang l e 9 82.5 3.45 77.8 88.8 4.18 .959
S u b n a s a l  ang l e 7 69.7 6.75 57.2 78.3 9.68 .939
C r a n i a l  m o d u l e 9 150.9 2.89 147.3 155.3 1.91 .924
C r a n i a l  i n d e x 9 72.2 2.40 68.0 76.0 3.32 .950
F r o n t a l  c u r v a t u r e  ind e x 9 22.6 1.78 20.4 25.5 7.88 .917
P a r i e t a l  c u r v a t u r e  ind e x 9 22.3 0.75 21.2 23.7 3.36 .961
U p p e r  f a c i a l  i n d e x 4 52.8 1.84 51.2 55.1 3.48 .892
O r b i t a l  i n d e x 9 86.3 4.98 79.5 94.7 5.77 .964
N a s a l  i n d e x 8 53.0 3.25 48.1 56.3 6.13 .874
M a x i l l o - a l v e o l a r  ind e x 7 115.0 7.61 100.0 123.6 6.62 .893
G n a t h i c  i n d e x 7 98.6 3.92 95.0 106.9 3.97 .784
■^-Shapiro-Wilk s t a t i s t i c ★ = p < .01
All
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Table 13. Descriptive statistics for the comparison of regional 
for all chord, angle and index variables, Mariko vs 
Gorge
n X sd F t
G l a b e l l a - o p i s t h o c r a n i o n M A 9 180.3 5.05 1.38 - 1.59
CG 52 183.7 5.93
M a x i m u m  b i - p a r i e t a l  br. M A 9 137.8 3.90 1.53 1.14
CG 52 135.8 4.82
B i - a u r i c u l a r e M A 9 122.8 5.45 1.38 -.68
CG 51 123.9 4.64
B a s i o n - b r e g m a M A 9 131.1 6.45 3 .10* -.72
CG 52 132.7 3.66
M a x i m u m  s u p r a o r b i t a l  br. M A 9 106.0 2.12 3 .91* - 2 .84*
CG 49 108.6 4.20
M i n i m u m  p o s t o r b i t a l  br. M A 9 89.8 2.91 1.54 .25
CG 52 89.5 3.60
N a s i o n - b r e g m a M A 9 109.7 4.90 1.04 - 1.13
CG 51 111.6 4.80
M e t o p i o n  h e i g h t M A 9 26.9 1.54 2.23 2 .35*
CG 51 25.0 2.29
N a s i o n - m e t o p i o n M A 9 49.9 1.36 7 .33** - 3 .01**
CG 51 52.0 3.69
G l a b e l l a  p r o m i n e n c e M A 9 3.2 1.56 1.57 -.86
CG 52 3.6 1.33
L a m b d a - b r e g m a M A 9 111.0 5.34 1.24 -.91
, CG 52 112.9 5.95
P a r i e t a l  s u b t e n s e  h t . M A 9 22.2 2.68 1.44 -.89
CG 52 23.2 -3.21
B r e g m a - p a r i e t a l  s u b t e n s e M A 9 59.0 4.06 1.28 1.06
CG 52 57.3 4.59
M a s t o i d  l e n g t h M A 9 32.8 2.33 2.28 1.38
CG 49 31.1 3.52
L a m b d a - a s t e r i o n M A 9 86.8 7.28 2.02 .61
CG 51 85.6 5.12
L a m b d a - i n i o n M A 9 70.9 7.20 1.41 .70
CG 51 69.3 6.05
B a s i o n - l a m b d a M A 9 117.2 5.19 1.40 .25
CG 50 116.0 4.39
A u r i c u l a r e - b a s i o n M A 9 65.6 2.30 1.17 -.65
CG 51 66.1 2.49
F o r a m e n  m a g n u m  l e n g t h MA 9 34.7 1.50 2.75 - 1.58
CG 50 36.0 2.49
F o r a m e n  m a g n u m  b r e a d t h M A 9 30.0 1.41 1.69 1.48
CG 49 29.0 1.84
N a s i o n - p r o s t h i o n M A 8 69.2 4.62 1.09 - 1.00
CG 44 70.9 4.42
3 i - z y g i o n M A 7 132.3 3.25 2.38 - 1.29
CG 38 134.8 5.01
N a s i o n - n a s o s p i n a l e M A 9 51.3 3.08 1.23 -.22
CG 52 51.6 3.41
N a s a l  b r e a d t h M A 8 27.6 .92 2.79 2 .88**
CG 51 26.0 1.53
C h e e k  h e i g h t MA 9 20.7 1.94 1.04 - 3 .50**
CG 52 23.1 1.97
means
Chimbu
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Table 13 continued:
n X sd F t
Orbital height MA 9 34.6 2.74 2.20 1.17
CG 52 33.7 1.85
Orbital breadth MA 9 39.9 .78 4.87* -.21
CG 52 40.0 1.73
Bi-maxillofrontale MA 9 23.8 1.56 1.46 .25
CG 51 23.6 1.89
Nasofrontal articulation MA 9 9.8 2.05 1.03 -2.51*
CG 48 11.7 2.08
Alveolar length MA 8 60.6 2.87 1.02 1.02
CG 48 59.5 2.84
Alveolar breadth MA 8 67.5 2.20 2.44 .27
CG 44 67.2 3.44
Basion-nasion MA 9 96.1 3.14 1.11 -3.90**
CG 52 100.3 2.98
Basion-nasospinale MA 9 91.3 2.83 1.75 -2.30*
CG 52 94.3 3.75
Basion-prosthion MA 8 102.2 3.69 1.32 -.26
CG 44 102.7 4.24
Nasospinale-prosthion MA 8 20.7 3.37 2.03 -.79
CG 44 21.5 2.37
Prosthion angle MA 8 64.7 3.46 1.10 -2.51*
CG 44 67.9 3.29
Nasospinale angle MA 9 79.3 2.20 3.03 -1.49
CG 52 81.2 3.83
Subnasal angle MA 8 53.6 5.74 1.32 -3.50**
CG 44 62.3 6.59
Cranial module MA 9 149.7 3.33 1.16 -.77
CG 52 150.7 3.58
Cranial index MA 9 76.5 3.55 1.63 2.37*
CG 52 74.0 2.78
Frontal curvature index MA 9 24.5 1.19 1.89 3.71**
CG 51 22.4 1.64
Parietal curvature index MA 9 20.0 2.36 1.19 -.58
CG 52 20.6 2.58
Upper facial index MA 7 52.5 3.50 1.09 -.30
CG 33 52.9 3.55
Orbital index MA 9 86.6 6.56 1.85 1.18
CG 52 84.4 4.83
Nasal index MA 8 54.5 2.39 3.60 2.35*
CG 51 50.6 4.55
Maxillo-alveolar index MA 8 111.4 2.82 7.06* -.96
CG 42 112.9 7.48
Gnathic index MA 8 106.7 4.27 1.05 2.77**
CG 44 102.3 4.17
t is calculated using a pooled variance estimate unless F is significant at p < .5,
when the separate variance estimate is used.
p < .05 ★ ★ p < .01
110
Table 14. Descriptive statistics for the comparison of regional means 
for all chord, angle and index variables, Mariko vs Nebilyer- 
Kaugel
n X sd F t
G l a b e l l a - o p i s t h o c r a n i o n M A 9 180.3 5.05 1.03 - 4 .77**
N K 23 189.9 5.12
M a x i m u m  b i - p a r i e t a l  br. M A 9 137.8 3.90 1.29 1.91
NK 23 134.6 4.42
B i - a u r i c u l a r e MA 9 122.8 5.45 2.40 -.00
NK 23 122.8 3.52
B a s i o n - b r e g m a MA 9 131.1 6.45 2.13 - 1.00
NK 23 133.1 4.42
M a x i m u m  s u p r a o r b i t a l  br. M A 9 106.0 2.12 4 .18* - 2 .42*
NK 22 108.8 4.34
M i n i m u m  p o s t o r b i t a l  br. MA 9 89.8 2.91 1.12 1.70
NK 23 87.9 2.74
N a s i o n - b r e g m a M A 9 109.7 4.90 1.00 - 1.62
N K 23 112.8 4.91
M e t o p i o n  h e i g h t M A 9 26.9 1.54 1.76 2 .28*
NK 23 25.2 2.04
N a s i o n - m e t o p i o n M A 9 49.9 1.36 4 .60* -.36
N K 23 50.3 2.93
G l a b e l l a  p r o m i n e n c e M A 9 3.2 1.56 1.04 -.92
NK 23 3.8 1.54
L a m b d a - b r e g m a M A 9 111.0 5.34 1.40 - 2 .69*
NK 23 117.4 6.32
P a r i e t a l  s u b t e n s e  h t . M A 9 22.2 2.68 1.00 - 3 .09**
N K 23 25.5 2.68
B r e g m a - p a r i e t a l  s u b t e n s e M A 9 59.0 4.06 2.18 -.66
NK 23 60.4 5.99
M a s t o i d  l e n g t h M A 9 32.8 2.33 1.33 .17
NK 23 32.6 2.69
L a m b d a - a s t e r i o n M A 9 86.8 7.28 3 .20* .39
NK 23 85.8 4.07
L a m b d a - i n i o n M A 9 70.9 7.20 1.79 .40
' N K 23 70.0 5.49
B a s i o n - l a m b d a M A 9 117.2 5.19 1.61 -.57
N K 23 118.2 4.09
A u r i c u l a r e - b a s i o n M A 9 65.6 2.30 1.62 .10
NK 23 65.5 1.81
F o r a m e n  m a g n u m  l e n g t h M A 9 34.7 1.50 1.77 - 1.92
NK 23 36.1 2.00
F o r a m e n  m a g n u m  b r e a d t h M A 9 30.0 1.14 1.32 .35
N K 23 29.8 1.62
N a s i o n - p r o s t h i o n M A 8 69.2 4.62 1.87 - 1.27
NK 19 71.3 3.38
B i - z y g i o n M A 7 132.3 3.25 3.05 -.88
N K 20 134.3 5.68
N a s i o n - n a s o s p i n a l e M A 9 51.3 3.08 1.38 -.98
NK 23 52.4 2.62
N a s a l  b r e a d t h M A 8 27.6 .92 3.57 2 .85**
NK 23 25.8 1.73
C h e e k  h e i g h t M A 9 20.7 1.94 1.28 -.66
NK 23 21.2 2.19
Ill
Table 14. continued:
n X sd F t
Orbital height MA 9 34.6 2.74 3.99** . 99
NK 23 33.6 1.37
Orbital breadth MA 9 39.9 .78 2.63 -.63
NK 23 40.2 1.27
Bi-maxillofrontale MA 9 23.8 1.56 1.24 -.73
NK 23 24.3 1.74
Nasofrontal articulation MA 9 9.8 2.05 1.68 -2.26*
NK 23 11.3 1.58
Alveolar length MA 8 60.6 2.87 1.08 -.11
NK 21 60.8 2.98
Alveolar breadth MA 8 67.5 2.20 2.23 .20
NK 20 67.2 3.29
Basion-nasion MA 9 96.1 3.14 1.41 -4.89**
NK 23 103.0 3.73
Basion-nasospinale MA 9 91.3 2.83 1.50 -4.92**
NK 23 97.7 3.47
Basion-prosthion MA 8 102.2 3.69 1.52 -.79
NK 19 103.7 4.55
Nasospinale-prosthion MA 8 20.7 3.37 1.90 .74
NK 19 19.9 2.45
Prosthion angle MA 8 64.7 3.46 1.08 -3.25**
NK 19 69.6 3.59
Nasospinale angle MA 9 79.3 2.20 2.07 -1.11
NK 23 80.5 3.16
Subnasal angle MA 8 53.6 5.74 1.20 -5.79**
NK 19 68.6 6.29
Cranial module MA 9 149.7 3.33 1.23 -1.96
NK 23 152.5 3.69
Cranial index MA 9 76.5 3.55 1.91 4.96**
NK 23 70.9 2.56
Frontal curvature index MA 9 24.5 1.19 1.15 4.97**
NK 23 22.3 1.12
Parietal curvature index MA 9 20.0 2.36 2.18 -2.25*
NK 23 21.7 1.60
Upper facial index MA 7 52.5 3.50 1.91 -.43
NK 16 53.0 2.53
Orbital index MA 9 86.6 6.56 3.12* 1.26
NK 23 83.7 3.71
Nasal index MA 8 54.5 2.39 2.39 3.72**
NK 23 49.3 3.70
Maxillo-alveolar index MA 8 111.4 2.82 2.75 .56
NK 20 110.4 4.67
Gnathic index MA 8 106.7 4.27 1.09 3.59**
NK 19 100.5 4.09
t is calculated using a pooled variance estimate unless F is significant at p < .05, 
when the separate variance estimate is used.
* = p < .05 ** = p < .01
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Table 15. Descriptive statistics for the comparison of regional means 
for all chord, angle and index variables, Mariko vs Erave
n X sd F t
G l a b e l l a - o p i s t h o c r a n i o n M A 9 180.3 5.05 1.53 -1.74
ER 9 185.0 6.24
M a x i m u m  b i - p a r i e t a l  b r . M A 9 137.8 3.90 3.77 2.9 7 * *
ER 9 133.4 2.01
B i - a u r i c u l a r e M A 9 122.8 5.45 1.16 .18
ER 9 122.3 5.05
B a s i o n - b r e g m a M A 9 131.1 6.45 3.54 -1.32
ER 9 134.3 3.43
M a x i m u m  s u p r a o r b i t a l  br. M A 9 106.0 2.12 3.54 -1.18
E R 9 107.8 3.99
M i n i m u m  p o s t o r b i t a l  br. M A 9 89.8 2.91 1.13 -.75
ER 9 90.8 2.73
N a s i o n - b r e g m a MA 9 109.7 4.90 1.33 -.62
ER 9 111.0 4.24
M e t o p i o n  h e i g h t M A 9 26.9 1.54 2.48 1.86
ER 9 25.1 2.42
N a s i o n - m e t o p i o n M A 9 49.9 1.36 6.99* 2.25*
ER 9 47.0 3.61
G l a b e l l a  p r o m i n e n c e M A 9 3.2 1.56 8.80** 1.41
E R 9 2.4 .53
L a m b d a - b r e g m a M A 9 111.0 5.34 1.26 -2.8 2 *
ER 9 118.6 6.00
P a r i e t a l  s u b t e n s e  h t . M A 9 22.2 2.68 2.19 - 3 . 9 1 * *
ER 9 26.4 1.81
B r e g m a - p a r i e t a l  s u b t e n s e M A 9 59.0 4.06 1.30 -1.62
E R 9 62.3 4.64
M a s t o i d  l e n g t h M A 9 32.8 2.33 1.37 .84
ER 9 31.8 2.73
L a m b d a - a s t e r i o n M A 9 86.8 7.28 2.31 1.03
E R 9 83.8 4.76
L a m b d a - i n i o n M A 9 70.9 7.20 2.36 1.01
ER 9 68.0 4.69
B a s i o n - l a m b d a M A 9 117.2 5.19 2.26 .21
E R 9 116.8 3.46
A u r i c u l a r e - b a s i o n M A 9 65.6 2.30 1.14 .10
ER 9 65.4 2.45
F o r a m e n  m a g n u m  l e n g t h M A 9 34.7 1.50 1.98 -.13
ER 9 34.8 2.11
F o r a m e n  m a g n u m  b r e a d t h M A 9 30.0 1.14 1.68 .14
ER 9 29.9 1.83
N a s i o n - p r o s t h i o n M A 8 69.2 4.62 1.69 .09
E R 7 69.0 6.00
B i - z y g i o n M A 7 132.3 3.25 2.34 .21
ER 5 131.8 4.97
N a s i o n - n a s o s p i n a l e M A 9 51.3 3.08 1.07 -.30
ER 9 51.8 3.19
N a s a l  b r e a d t h M A 8 27.6 .92 3.06 .96
ER 8 27.0 1.60
C h e e k  h e i g h t M A 9 20.7 1.94 1.36 -1.46
ER 9 22.1 2.26
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Table 15. continued:
n X sd F t
Orbital height MA 9 34.6 2.74 2.01 .20
ER 9 34.3 1.94
Orbital breadth MA 9 39.9 .78 1.95 .25
ER 9 39.8 1.09
Bi-maxillofrontale MA 9 23.8 1.56 1.75 .26
ER 9 23.6 2.07
Nasofrontal articulation MA 9 9.8 2.05 1.97 -2.74*
ER 9 13.0 2.87
Alveolar length MA 8 60.6 2.87 1.03 1.55
ER 8 58.4 2.92
Alveolar breadth MA 8 67.5 2.20 1.35 .64
ER 7 66.7 2.56
Basion-nasion MA 9 96.1 3.14 1.61 -3.42**
ER 9 101.6 3.98
Basion-nasospinale MA 9 91.3 2.83 2.24 -2.03
ER 9 94.8 4.24
Basion-prosthion MA 8 102.2 3.69 2.61 .89
ER 7 100.0 5.97
Nasospinale-prosthion MA 8 20.7 3.37 1.15 .61
ER 7 19.7 3.15
Prosthion angle MA 8 64.7 3.46 1.29 -3.78**
ER 7 71.1 3.04
Nasospinale angle MA 9 79.3 2.20 2.47 -2.37*
ER 9 82.5 3.45
Subnasal angle MA 8 53.6 5.74 1.38 -4.99**
ER 7 69.7 6.75
Cranial module MA 9 149.7 3.33 1.32 -.80
ER 9 150.9 2.89
Cranial index MA 9 76.5 3.55 2.19 3.00**
ER 9 72.2 2.40
Frontal curvature index MA 9 24.5 1.19 2.23 2.67*
ER 9 22.6 1.78
Parietal curvature index MA 9 20.0 2.36 9.89** -2.72*
ER 9 22.3 .75
Upper facial index MA 7 52.5 3.50 3.60 -.18
ER 4 52.8 1.84
Orbital index MA 9 86.6 6.56 1.74 .11
ER 9 86.3 4.98
Nasal index MA 8 54.5 2.39 1.84 1.07
ER 8 53.0 3.25
Maxillo-alveolar index MA 8 111.4 2.82 7.30* -1.26
ER 7 115.0 7.61
Gnathic index MA 8 106.7 4.27 1.18 3.83**
ER 7 98.6 3.92
t is calculated using a pooled variance estimate unless F is significant at p < .05, 
when the separate variance estimate is used.
p < .05 ★ ★ p < .01
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Table 16. Descriptive statistics for the comparison of regional means 
for all chord, angle and index variables, Chimbu Gorge vs 
Nebilyer-Kaugel
n X sd F t
G l a b e l l a - o p i s t h o c r a n i o n CG 52 183.7 5.93 1.34 - 4 .37* *
NK 23 189.9 5.12
M a x i m u m  b i - p a r i e t a l  br. CG 52 135.8 4.82 1.19 1.09
NK 23 134.6 4.42
B i - a u r i c u l a r e CG 51 123.9 4.64 1.74 1.07
NK 23 122.8 3.52
B a s i o n - b r e g m a CG 52 132.7 3.66 1.45 -.40
N K 23 133.1 4.42
M a x i m u m  s u p r a o r b i t a l  br. CG 49 108.6 4.20 1.07 -.17
NK 22 108.8 4.34
M i n i m u m  p o s t o r b i t a l  br. CG 52 89.5 3.60 1.72 1.84
NK 23 87.9 2.74
N a s i o n - b r e g m a CG 51 111.6 4.80 1.04 -.95
NK 23 112.8 4.91
M e t o p i o n  h e i g h t CG 51 25.0 2.29 1.27 -.28
NK 23 25.2 2.04
N a s i o n - m e t o p i o n CG 51 52.0 3.69 1.59 1.95
NK 23 50.3 2.93
G l a b e l l a  p r o m i n e n c e CG 52 3.6 1.33 1.51 -.46
NK 23 3.8 1.54
L a m b d a - b r e g m a CG 52 112.9 5.95 1.13 - 2 .97* *
N K 23 117.4 6.32
P a r i e t a l  s u b t e n s e  h t . CG 52 23.2 3.21 1.44 - 2 .93* *
N K 23 25.5 2.68
B r e g m a - p a r i e t a l  s u b t e n s e CG 52 57.3 4.59 1.70 - 2 .50 *
NK 23 60.4 5.99
M a s t o i d  l e n g t h CG 49 31.1 3.52 1.71 - 1.84
NK 23 32.6 2.69
L a m b d a - a s t e r i o n CG 51 85.6 5.12 1.58 -.18
NK 23 85.8 4.07
L a m b d a - i n i o n CG 51 69.3 6.05 1.26 -.44
N K 23 70.0 5.49
B a s i o n - l a m b d a CG 50 116.0 4.39 1.15 - 1.29
NK 23 118.2 4.09
A u r i c u l a r e - b a s i o n CG 51 66.1 2.49 1.90 1.14
NK 23 65.5 1.81
F o r a m e n  m a g n u m  len g t h CG 50 36.0 2.49 1.55 -.11
NK 23 36.1 2.00
F o r a m e n  m a g n u m  b r e a d t h CG 49 29.0 1.84 1.28 - 1.66
NK 23 29.8 1.62
N a s i o n - p r o s t h i o n CG 44 70.9 4.42 1.71 -.27
NK 19 71.3 3.38
B i - z y g i o n CG 38 134.8 5.01 1.28 .37
N K 20 134.3 5.68
N a s i o n - n a s o s p i n a l e CG 52 51.6 3.41 1.69 -.99
NK 23 52.4 2.62
N a s a l  b r e a d t h CG 51 26.0 1.53 1.28 .59
NK 23 25.8 1.73
C h e e k  h e i g h t CG 52 23.1 1.97 1.24 3 .79 **
NK 23 21.2 2.19
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Table 16. continued:
n X sd F t
Orbital height CG 52 33.7 1.85 1.82 .24
NK 23 33.6 1.37
Orbital breadth CG 52 40.0 1.73 1.86 -.53
NK 23 40.2 1.27
Bi-maxillofrontale CG 51 23.6 1.89 1.18 -1.41
NK 23 24.3 1.74
Nasofrontal articulation CG 48 11.7 2.08 1.73 .74
NK 23 11.3 1.58
Alveolar length CG 48 59.5 2.84 1.10 -1.64
NK 21 60.8 2.98
Alveolar breadth CG 44 67.2 3.44 1.10 -.10
NK 20 67.2 3.29
Basion-nasion CG 52 100.3 2.98 1.56 -3.28*
NK 23 103.0 3.73
Basion-nasospinale CG 52 94.3 3.75 1.17 -3.70*
NK 23 97.7 3.47
Basion-prosthion CG 44 102.7 4.24 1.15 -.86
NK 19 103.7 4.55
Nasospinale-prosthion CG 44 21.5 2.37 1.07 2.48*
NK 19 19.9 2.45
Prosthion angle CG 44 67.9 3.29 1.19 -1.79
NK 19 69.6 3.59
Nasospinale angle CG 52 81.2 3.83 1.47 .76
NK 23 80.5 3.16
Subnasal angle CG 44 62.3 6.59 1.10 -3.51’
NK 19 68.6 ' 6.29
Cranial module CG 52 150.7 3.58 1.06 -1.97
NK 23 152.5 3.69
Cranial index CG 52 74.0 2.78 1.17 4.58'
NK 23 70.9 2.56
Frontal curvature index CG 51 22.4 1.64 2.17 .24
NK 23 22.3 1.12
Parietal curvature index CG 52 20.6 2.58 2.60* -2.23
NK 23 21.7 1.60
Upper facial index CG 33 52.9 3.35 1.76 -.13
NK 16 53.0 2.53
Orbital index CG 52 84.4 4.83 1.69 .65
NK 23 83.7 3.71
Nasal index CG 51 50.6 4.55 1.51 1.25
NK 23 49.3 3.70
Maxillo-alveolar index CG 42 112.9 7.48 2.57* 1.58
NK 20 110.4 4.67
Gnathic index CG 44 102.3 4.17 1.04 1.60
NK 19 100.5 4.09
t is calculated using a pooled variance estimate unless F is significant at p < .05, 
when the separate variance estimate is used.
p < .05 ★ ★ p < .01
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Table 17. Descriptive statistics for the comparison of regional means 
for all chord, angle and index variables, Chimbu Gorge vs Erave
n X sd F t
G l a b e l l a - o p i s t h o c r a n i o n CG 52 183.7 5.93 1.11 -.62
ER 9 185.0 6.24
M a x i m u m  b i - p a r i e t a l  br. CG 52 135.8 4.82 5.76* 2.54*
ER 9 133.4 2.01
B i - a u r i c u l a r e CG 51 123.9 4.64 1.18 .95
ER 9 122.3 5.05
B a s i o n - b r e g m a CG 52 132.7 3.66 1.14 -1.25
ER 9 134.3 3.43
M a x i m u m  s u p r a o r b i t a l  br. CG 49 108.6 4.20 1.10 .57
ER 9 107.8 3.99
M i n i m u m  p o s t o r b i t a l  br. CG 52 89.5 3.60 1.75 -1.04
ER 9 90.8 2.73
N a s i o n - b r e g m a CG 51 111.6 4.80 1.28 .37
E R 9 111.0 4.24
M e t o p i o n  h e i g h t CG 51 25.0 2.29 1.11 -.11
ER 9 25.1 2.42
N a s i o n - m e t o p i o n CG 51 52.0 3.69 1.05 3.73**
ER 9 47.0 3.61
G l a b e l l a  p r o m i n e n c e CG 52 3.6 1.33 5.61* 4.77**
ER 9 2.4 .53
L a m b d a - b r e g m a CG 52 112.9 5.95 1.02 -2.62*
ER 9 118.6 6.00
P a r i e t a l  s u b t e n s e  h t . • CG 52 23.2 3.21 3.15 -2.9 1 * *
ER 9 26.4 1.81
B r e g m a - p a r i e t a l  s u b t e n s e CG 52 57.3 4 .59 1.02 -3.0 5 * *
E R 9 62.3 4.64
M a s t o i d  l e n g t h CG 49 31.1 3.52 1.67 -.56
ER 9 , 31.8 2.73
L a m b d a - a s t e r i o n CG 51 85.6 5.12 1.14 .98
ER 9 83.8 4.79
L a m b d a - i n i o n CG 51 69.3 6.05 1.67 .62
E R 9 68.0 4.69
B a s i o n - l a m b d a CG 50 116.0 4.39 1.61 .03
ER 9 116.8 3.46
A u r i c u l a r e - b a s i o n CG 51 66.1 2.49 1.03 .77
ER 9 65.4 2.45
F o r a m e n  m a g n u m  l e n g t h CG 50 36.0 2.49 1.39 1.41
E R 9 34.8 2.11
F o r a m e n  m a g n u m  b r e a d t h CG 49 29.0 1.84 1.00 -1.27
ER 9 29.9 1.83
N a s i o n - p r o s t h i o n CG 44 70.9 4.42 1.84 1.03
ER 7 69.0 6.00
B i - z y g i o n CG 38 134.8 5.01 1.02 1.28
E R 5 131.8 4.97
N a s i o n - n a s o s p i n a l e CG 52 51.6 3.41 1.14 -.15
ER 9 51.8 3.19
N a s a l  b r e a d t h CG 51 26.0 1.53 1.10 -1.68
ER 8 27.0 1.60
C h e e k  h e i g h t CG 52 23.1 1.97 1.31 1.43
ER 9 22.1 2.26
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Table 17. continued:
n X sd F t
Orbital height CG 52 33.7 1.85 1.09 -.92
ER 9 34.3 1.94
Orbital breadth CG 52 40.0 1.73 2.49 .31
ER 9 39.8 1.09
Bi-maxillofrontale CG 51 23.6 1.89 1.20 .08
ER 9 23.6 2.07
Nasofrontal articulation CG 48 11.7 2.08 1.91 -1.66
ER 9 13.0 2.87
Alveolar length CG 48 59.5 2.84 1.06 1.05
ER 8 58.4 2.92
Alveolar breadth CG 44 67.2 3.44 1.80 .33
ER 7 66.7 2.56
Basion-nasion CG 52 100.3 2.98 1.78 -1.36
ER 9 101.9 3.98
Basion-nasospinale CG 52 94.3 3.75 1.28 -.31
ER 9 94.8 4.24
Basion-prosthion CG 44 102.7 4.24 1.98 1.46
ER 7 100.0 5.97
Nasospinale-prosthion CG 44 21.5 2.37 1.77 1.79
ER 7 19.7 3.45
Prosthion angle CG 44 67.9 3.29 1.17 -2.41’
ER 7 71.1 3.04
Nasospinale angle CG 52 81.2 3.83 1.23 -.93
ER 9 82.5 3.45
Subnasal angle CG 44 62.3 6.59 1.05 -2.74’
ER 7 69.7 6.75
Cranial module CG 52 150.7 3.58 1.54 -.15
ER 9 150.9 2.89
Cranial index CG 52 74.0 2.78 1.34 1.84
ER 9 72.2 2.40
Frontal curvature index CG 51 22.4 1.64 1.18 -.36
ER 9 22.6 1.78
Parietal curvature index CG 52 20.6 2.58 11.81** -3.92
ER 9 22.3 .75
Upper facial index CG 33 52.9 3.35 3.31 .04
ER 4 52.8 1.84
Orbital index CG 52 84.4 4.83 1.06 -1.08
ER 9 86.3 4.98
Nasal index CG 51 50.6 4.55 1.95 -1.41
ER 8 53.0 3.25
Maxillo-alveolar index CG 42 112.9 7.48 1.03 -.70
ER 7 114.0 7.61
Gnathic index CG 44 102.3 4.17 1.13 2.20
t is calculated using a pooled variance estimate unless F is significant at p < .05, 
when the separate variance estimate is used.
p < .05 ★ ★ p < .01
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Table 18. Descriptive statistics for the comparison of regional means 
for all chord, angle and index variables, Nebilyer-Kaugel vs 
Erave
n X sd F t
Glabella-opisthocranion NK 23 189.9 5.12 1.48 2.29*
ER 9 185.0 6.24
Maximum bi-parietal br. NK 23 134.6 4.42 4.85* .98
ER 9 133.4 2.01
Bi-auriculare NK 23 122.8 3.52 2.06 .29
ER 9 122.3 5.05
Basion-bregma NK 23 133.1 4.42 1.66 -.76
ER 9 134.3 3.43
Maximum supraorbital br. NK 22 108.8 4.34 1.18 .62
ER 9 107.8 3.99
Minimum postorbital br. NK 23 87.9 2.74 1.01 -2.66*
ER 9 90.8 2.73
Nasion-bregma NK 23 112.8 4.91 1.34 .96
ER 9 111.0 4.24
Metopion height NK 23 25.2 2.04 1.41 .07
ER 9 25.1 2.42
Nasion-metopion NK 23 50.3 2.93 1.52 2.66*
ER 9 47.0 3.61
Glabella prominence NK 23 3.8 1.54 8.49** 3.66**
ER 9 2.4 .53
Lambda-bregma NK 23 117.4 6.32 1.11 -.46
ER 9 118.6 6.00
Parietal subtense h t . NK 23 25.5 2.68 2.19 -.99
ER 9 26.4 1.81
Bregma-parietal subtense NK 23 60.4 5.99 1.67 -.85
ER 9 62.3 4.64
Mastoid length NK 23 32.6 2.69 1.03 .78
ER 9 31.8 2.73
Lambda-asterion NK 23 85.8 4.07 1.39 1.19
ER 9 83.8 4.79
Lambda-inion NK 23 70.0 5.49 1.32 .95
ER 9 68.0 4.69
3asion-lambda NK 23 118.2 4.09 1.40 .93
ER 9 116.8 3.46
Auriculare-basion NK 23 65.5 1.18 1.85 .04
ER 9 65.4 2.45
Foramen magnum length NK 23 36.1 2.00 1.11 1.64
ER 9 34.8 2.11
Foramen magnum breadth NK 23 29.8 1.62 1.28 -.16
ER 9 29.9 1.83
Nasion-prosthion NK 19 71.3 3.38 3.15 1.22
ER 7 69.0 6.00
Bi-zygion NK 20 134.3 5.68 1.30 .90
ER 5 131.8 4.97
Nasion-nasospinale NK 23 52.4 2.62 1.48 .56
ER 9 51.8 3.19
Nasal breadth NK 23 25.8 1.73 1.17 -1.74
ER 8 27.0 1.60
Cheek height NK 23 21.2 2.19 1.06 -1.03
ER 9 22.1 2.26
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Table 18. continued:
n X sd F t
Orbital height NK 23 33.6 1.37 1.99 -1.19
ER 9 34.3 1.94
Orbital breadth NK 23 40.2 1.27 1.34 .82
ER 9 39.8 1.09
Bi-maxillofrontale NK 23 24.3 1.74 1.42 .98
ER 9 23.6 2.07
Nasofrontal articulation NK 23 11.3 1.58 3.31* -1.67
ER 9 13.0 2.87
Alveolar length NK 21 60.8 2.98 1.04 1.94
ER 8 58.4 2.92
Alveolar breadth NK 20 67.2 3.29 1.65 .39
ER 7 66.7 2.56
Basion-nasion NK 23 103.0 3.73 1.14 .74
ER 9 101.9 3.98
Basion-nasospinale NK 23 97.7 3.47 1.49 2.04
ER 9 94.8 4.24
Basion-prosthion NK 19 103.7 4.55 1.73 1.69
ER 7 100.0 5.97
Nasospinale-prosthion NK 19 19.9 2.45 1.65 .15
ER 7 19.7 3.45
Prosthion angle NK 19 69.9 3.59 1.39 -1.01
ER 7 71.1 3.04
Nasospinale angle NK 23 80.5 3.16 1.19 -1.53
ER 9 82.5 3.45
Subnasal angle NK 19 68.6 6.29 1.15 -.39
ER 7 69.7 6.75 •
Cranial module NK 23 152.5 3.69 1.63 1.16
ER 9 150.9 2.89
Cranial index NK 23 70.9 2.56 1.14 -1.32
ER 9 72.2 2.40
Frontal curvature index NK 23 22.3 1.12 2.56 -.60
ER 9 22.6 1.78
Parietal curvature index NK 23 21.7 1.60 4.54* -1.11
ER 9 22.3 .75
Upper facial index NK 16 53.0 2.53 1.88 .15
ER 4 52.8 1.84
Orbital index NK 23 83.7 3.71 1.80 -1.63
ER 9 86.3 4.98
Nasal index NK 23 49.3 3.70 1.30 -2.51
ER 8 53.0 3.25
Maxillo-alveolar index NK 20 110.4 4.67 2.65 -1.90
SR 7 114.0 7.61
Gnathic index NK 19 100.5 4.09 1.08 1.05
ER 7 98.6 3.92
t is calculated using a pooled variance estimate unless F is significant at p < .05, 
when the separate variance estimate is used.
p < .05 ★ ★ p < .01
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5.2.1 Cranial Vault
Cranial length (glabella-opisthocranion)
Mariko has the shortest mean cranial length (180.3mm) and 
Nebilyer-Kaugel the greatest (189.9mm). The only region significantly 
different in its mean cranial length is Nebilyer-Kaugel, this region 
being consistently longer in all three pairwise comparisons. The 
other three regions are similar in their mean values.
Calculation of the ranges of variation for glabella-opisthocranion
length (the difference between the minimum and maximum value) for each
region shows that Chimbu Gorge is distinguished by its much greater
value (Mariko 15; Chimbu Gorge 27; Nebilyer-Kaugel 20; Erave 19), and
is almost double that for Mariko. Differences in the ranges of
variation may be a function of sample size; the Chimbu Gorge sample is
almost six times the size of Mariko and Erave. Large regional
differences in the ranges of variation, particularly with regard to
Chimbu Gorge and Mariko, are observed for most variables and it is
possible that there is a sampling bias distorting the ranges of
variation and hence the assessment of significant mean differences. A
tmore complete investigation of this is reserved for Section 5.2.3 (T-
test results) , but it is possible to briefly comment on the potential 
significance of regional differences in the ranges of variation using 
either the standard deviations (sd) or the coefficients of variation 
(CV) given in Tables 9 to 12.
Values of the standard deviation for glabella-opisthocranion are 
similar between the four regions, ranging from 5.05 (Mariko) to 6.24 
(Erave) . This is reflected by regional similarity in the values of 
the coefficient of variation, which range from 2.70 (Nebilyer-Kaugel) 
to 3.37 (Erave). In the case of glabella-opisthocranion length,
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therefore, the degree of dispersion around the mean is equivalent 
between all four regions and appears to be independent of sample size. 
The coefficient of variation will be used from now on as an estimate 
of variance and unless specifically referred to, can be assumed to be 
equivalent between the four regions.
Cranial breadth (maximum bi-parietal breadth, bi-auriculare, 
auriculare-basion, minimum postorbital breadth)
Mariko has the greatest mean maximum bi-parietal breadth (137.8mm) 
and Erave the smallest (133.4mm). There is a regular reduction in bi- 
parietal breadth from Mariko in the east to Erave in the west, and 
Erave is significantly narrower than both Mariko and Chimbu Gorge. 
None of the other regional pairs is significantly different. Ranges 
of variation are again regionally distinctive, but in this case Erave 
is distinguished by lower values for the coefficient of variation 
(2.83 [MA] ; 3.54 [CG]; 3.28 [NK] ; 1.50 [ER]). The significant mean 
differences between Erave and both Mariko and Chimbu Gorge may 
therefore be biased as a result of sampling effects.
There is remarkable regional similarity in mean basal vault 
breadth (bi-auriculare), Chimbu Gorge having the broadest mean at 
123.9mm and Erave the narrowest at 122.3mm. Mariko and Nebilyer- 
Kaugel are identical with mean values of 122.8mm. None of the regions 
is significantly different for this variable.
Auriculare-basion is another measure of basal vault breadth, 
highly correlated with bi-auriculare (r = .8713; p < .001 (Table 6)). 
In this instance, Chimbu Gorge has the greatest mean breadth (66.1mm) 
and Erave the narrowest (65.4mm) . None of the regions is
significantly different for this variable, although Nebilyer-Kaugel is
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somewhat differentiated by its comparably reduced coefficient of 
variation (3.51 [MA]; 3.76 [CG]; 2.76 [NK]; 3.75 [ER]).
Mean values for minimum postorbital breadth (often referred to as 
minimum frontal breadth) are highly consistent throughout the four 
regions, Erave being the broadest (90.8mm) and Nebilyer-Kaugel the 
narrowest (90.8mm). These two regions are only just significantly 
different at the 5% level. None of the other regional comparisons is 
significant for this variable.
Cranial height (basion-bregma)
There is a geographically regular increase in mean cranial height 
from Mariko (131.1mm) in the east to Erave (134.3mm) in the west, 
although in this instance none of the regions is significantly 
different.
Vault size and shape (cranial module, cranial index)
The cranial module is a simple average of the three major chord 
measures of vault size (length, breadth and height) and as such can be 
taken as a general index of overall vault size. Regional differences 
in the mean values of the module are minimal and not significant, 
Nebilyer-Kaugel possessing the largest vaults (151.5) and Mariko the 
smallest (148.9) .
The regional pattern for the cranial index follows that previously 
described for mean cranial (maximum bi-parietal) breadth and is the 
reverse of that for mean cranial length. Mariko, with the shortest 
mean length and greatest mean breadth, not unexpectedly has the 
greatest mean value for the index (77.5) and is graded as mesocranic 
on this basis. The percentage distributions of Mariko crania
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throughout the three major categories of the index (dolichocranic, 
mesocranic and brachycranic) confirm this designation (Table 19) with 
more than 50% of the crania being graded as mesocranic, although the 
majority of the remainder falls within the dolichocranic range. 
Chimbu Gorge is also graded as mesocranic on the basis of its regional 
mean (75.0), but the percentage distributions (Table 19) indicate a 
heavy preponderance of dolichocranic crania. Nebilyer-Kaugel (72.1) 
and Erave (72.9) are both graded as dolichocranic, not only in terms 
of their regional mean designations but also their percentage 
distributions. Mariko is significantly different from the other three 
regions for the cranial index. When this fact is combined with the 
observation that Chimbu Gorge is also significantly different from 
Nebilyer-Kaugel, a geographically regular gradation from short, broad 
vaults in the east to longer, narrower vaults in the west becomes 
apparent.
Frontal length and anterior sagittal vault curvature (nasion-bregma, 
metopion height, nasion-metopion, frontal curvature index)
Mean frontal length is fairly uniform throughout the four regions, 
with none of the pairwise regional comparisons being significant for 
nasion-bregma. Mariko has the shortest mean frontal length (109.7mm) 
and Nebilyer-Kaugel the longest (112.8mm).
Mariko possesses the greatest mean metopion height (26.9mm) and is 
significantly different from both Nebilyer-Kaugel and Chimbu Gorge 
(the latter region having the smallest mean value at 25.0mm). None of 
the other regional comparisons is significant for this variable. 
Mariko is distinguished by a reduced coefficient of variation (5.72
[MA]; 9.16 [CG]; 8.09 [NK]; 9.64 [ER]).
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Table 19. Percentage distributions of index categories 
four Central Highlands regions for six indices
Index
Cranial
Upper facial
Orbital
Nasal
Maxillo-
alveolar
Gnathic
Category
Dolichocrany
Mesocrany
Brachycrany
Euryeny
Meseny
Lepteny
Chamaeconchy
Mesoconchy
Hypsiconchy
Leptorrhiny
Mesorrhiny
Platyrrhiny
Dolichurany
Mesurany
Brachyurany
Orthognathic
Mesognathic
Prognathic
Values
( 4^ 7 4 . 9 )
( 7 5 . 0 - 7 9 . 9 )  
(8-0 -. -CK>60.O)
( < - 4 9 . 9 )
( 5 0 . 0 - 5 4 . 9 )  
(■5 5 .0 ->55.0 )
( < - 8 2 . 9 )
( 8 3 . 0 - 8 9 . 9 )
(8 9-.O->09.O)
( <7*47.9)
( 4 8 . 0 - 5 2 . 9 )  
(5 3 .e -> 53.0)
( < ^ 1 0 9 . 9 )
( 1 1 0 . 0 - 1 1 4 . 9 )  
( 1 1 5 . 8 ->M?-0)
( < -  9 7 . 9 )
( 9 8 . 0 - 1 0 2 . 9 )  
( 103".-8->l02>.0)
MA CG
3 3 . 3 6 7 . 3
5 5 . 6 3 0 . 8
1 1 . 1 1 . 9
2 8 . 5 1 8 . 2
4 9 . 9 5 1 . 5
2 8 . 6 3 0 . 3
3 3 . 3 3 8 . 5
2 2 . 3 5 0 . 0
4 4 . 4 1 1 . 5
0 1 9 . 6
2 5 . 0 5 2 . 9
7 5 . 0 2 7 . 5
2 5 . 0 3 1 . 0
6 2 . 5 3 8 . 0
1 2 . 5 3 1 . 0
1 2 . 5 1 1 . 4
0 3 8 . 6
8 7 . 5 5 0 . 0
throughout the
NK ER
100 7 7 . 8
0 2 2 . 2
0 0
6 . 4 0
6 8 . 8 7 5 . 0
2 5 . 0 2 5 . 0
4 7 . 8 3 3 . 2
4 7 . 8 4 4 . 4
4 . 4 2 2 . 3
3 4 . 8 0
5 6 . 5 5 0 . 0
8 . 7 5 0 . 0
5 5 . 0 1 4 . 3
3 0 . 0 2 8 . 6
1 5 . 0 5 7 . 1
3 1 . 6 4 2 . 9
3 1 . 6 4 2 . 9
3 6 . 8 1 4 . 3
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The anatomical landmark referred to as metopion is identified as 
the point along the nasion-bregma chord where the frontal bone 
achieves its greatest height above the chord. As such, it is also 
known as the point of maximum frontal curvature, and the measurement 
nasion-metopion records the position of that point of maximum 
curvature as a straightline chord measurement. Chimbu Gorge possesses 
the most anteriorly occurring mean point of maximum curvature (42.0mm) 
and Erave the most posterior (47.0mm). Erave is in fact significantly 
different from the other three regions in the pairwise comparisons, as 
is Chimbu Gorge from Mariko. Mariko is distinguished by its much 
reduced coefficient of variation (2.72 [MA]; 7.10 [CG]; 5.82 [NK] ; 
7.68 [ER]).
The frontal curvature index is a ratio of frontal length (nasion- 
bregma) to maximum frontal height in the midline (metopion height) and 
larger values indicate a greater degree of curvature. Mariko has by 
far the greatest degree of mean frontal curvature (24.-5) and is 
significantly different from each of the other three regions, which 
are similar (22.3 to 22.6) .
Glabella prominence
Erave has the smallest mean glabella prominence (2.4mm) and 
Nebilyer-Kaugel the greatest (3.8mm). Erave is significantly 
different from both Nebilyer-Kaugel and Chimbu Gorge. However, the 
coefficient of variation for Erave is much smaller than the values 
achieved for the other regions (48.75 [MA]; 36.94 [CG]; 40.52 [NK] ; 
22.08 [ER]), possibly explaining the apparent differences in mean 
values. Furthermore, this dimension is the smallest of all the chord
measurements and slight irregularities in the regional distributions
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of values will result in magnified mean differences when samples sizes 
are unequal, as in the present case.
Parietal length and posterior sagittal vault curvature (lambda-bregma, 
parietal subtense height, bregma-parietal subtense, parietal 
curvature index)
Mean parietal length (lambda-bregma) is smallest for Mariko 
(111.0mm) and greatest for Erave (118.6mm). There is a geographically 
regular increase in mean value for this variable from east to west, 
although a major division exists between Chimbu Gorge (112.9mm) and 
Nebilyer-Kaugel (117.4mm) which separates the regions into two 
distinct groups. This observation is reflected in the significance 
results for the regional pairwise comparisons - Mariko and Chimbu 
Gorge are both significantly shorter than both Nebilyer-Kaugel and 
Erave, while both the former and the latter pairs are internally 
consistent. The range of individual values for this variable within 
the Chimbu Gorge sample is again close to double those of the other 
three regions, but in this case the discrepancy for Chimbu Gorge is 
due to a single cranium with an inordinately low value of 91mm, which 
is 12mm less than the next lowest value. The coefficients of 
variation are all comparable (4.81 [MA]; 5.27 [CG]; 5.38 [NK]; 5.06 
[ER]).
Parietal subtense height is for the parietal bone what metopion 
height is for the frontal bone. It appears, however, that no specific 
name has been applied to describe the equivalent anatomical landmark 
for the parietal. Mariko has the lowest mean value for the subtense 
height (22.2mm) and Erave the highest (26.4mm), with a geographical 
pattern identical to that described for lambda-bregma - a regular 
increase from east to west with a sharp break between Chimbu Gorge and
127
Nebilyer-Kaugel. The significance assessments of these regional mean 
differences again supports the observation of an identical pattern.
The dimension bregma-parietal subtense is equivalent to nasion- 
metopion for the frontal and locates the point of maximum parietal 
curvature as a chord distance from bregma. Mean values indicate that 
Chimbu Gorge possesses the most anteriorly occurring point of maximum 
parietal curvature (57.3mm) and Erave the most posterior (62.3mm). 
Regional differences are only significant between Chimbu Gorge and 
both Nebilyer-Kaugel and Erave; the latter two regions are similar. 
The coefficients of variation (6.88 [MA]; 8.01 [CG]; 9.92 [NK]; 7.45 
[ER]) tend to vary with sample size.
The parietal curvature index is a ratio of parietal length and 
parietal subtense height and is therefore a simple measure of the 
degree of parietal curvature. Given that the regional patterns of 
mean variation are identical for the two component chord measures, it 
is not surprising that the index follows the same pattern, both in 
terms of its absolute mean regional values and the significance 
indications. Mariko possesses the flattest parietals (20.0) and Erave 
the most curved (22.3), with both Mariko and Chimbu Gorge being 
significantly different from both Nebilyer-Kaugel and Erave. Each of 
the two pairs are, however, internally consistent. Erave is 
distinguished by a much reduced coefficient of variation (11.80 [MA] ; 
12.52 [CG]; 7.37 [NK]; 3.36 [ER]).
Mastoid length
Mariko has the greatest mean mastoid length (32.8mm) and Chimbu 
Gorge the smallest (31.1). None of the regional pairwise comparisons 
is significant for this variable.
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Occipital breadth, height and length (lambda-asterion, lambda-inion, 
basion-lambda)
Mariko has the broadest mean occipital breadth (lambda-asterion) 
(86.8mm) and Erave the narrowest (83.8mm). Mean occipital height as 
measured by lambda-inion is greatest in Mariko (70.9mm) and lowest in 
Erave (68.0mm), while mean occipital length (basion-lambda) is longest 
in Nebilyer-Kaugel (118.2mm) and shortest in both Chimbu Gorge and 
Erave (116.8mm) . None of the pairwise comparisons is significant for 
any of these variables. These observations can be taken as a general 
indication that occipital size and shape are both consistent 
throughout the Division.
Foramen magnum length and breadth
Nebilyer-Kaugel has the longest mean foramen magnum length 
(36.1mm) and Mariko the shortest (34.7mm). This pattern is identical 
to that described for glabella-opisthocranion length and is without 
doubt a function of the significant level of correlation that exists 
between these two dimensions (r = .4886; p < .001 (Table 6)). None of 
the regions is significantly different for this variable.
Mariko has the broadest mean foramen magnum breadth (30.0mm) and 
Chimbu Gorge the narrowest (2 9.0mm) . None of the regions is 
significantly different. This dimension is not highly correlated with
any of the other vault breadth measurements (Table 6).
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5.2.2 Facial Skeleton
Upper facial height (nasion-prosthion)
Upper facial height is fairly uniform throughout the four regions, 
Erave having the lowest mean value (69.0mm) and Nebilyer-Kaugel the 
highest (71.2mm) . Although none of the regional means is
significantly different, the coefficients of variation distinguish 
Nebilyer-Kaugel from Erave (6.67 [MA]; 6.23 [CG]; 4.74 [NK]; 8.69
[ER]).
Facial breadth (maximum supraorbital breadth, bi-zygion)
Although these two measurements are highly correlated (r = .6249; 
p < .001 (Table 6)), they vary in their regional mean distributions
and their significance indications. Nebilyer-Kaugel has the broadest 
mean maximum supraorbital breadth (108.8mm) and Mariko the narrowest 
(106.0mm). 'Mariko is significantly narrower than both Chimbu Gorge 
and Nebilyer-Kaugel, while Chimbu Gorge, Nebilyer-Kaugel and Erave are 
all similar. The coefficients of variation distinguish Mariko from 
the other regions (2.0 [MA]; 3.87 [CG]; 3.99 [NK]; 3.70 [ER]).
On the other hand, Chimbu Gorge has the broadest mean value for 
bi-zygion (134.8mm) and Erave the narrowest (131.8mm). Mariko is 
again distinguished by its reduced coefficient of variation (2.46 
[MA] ; 3.72 [CG]; 4.23 [NK] ; 3.77 [ER]). None of the regions is 
significantly different for this variable.
Facial shape (upper facial index)
There is very little regional variation in the upper facial index 
throughout the Division, Nebilyer-Kaugel having the greatest mean 
value (53.0) and Mariko the smallest (52.5). None of the regions is
130
significantly different. A reduction in the coefficient of variation 
for Erave (6.67 [MA]; 6.33 [CG]; 4.77 [NK]; 3.48 [ER]) is probably due 
to the fact this sample contains only four observations. On the basis 
of both mean values and the percentage distributions throughout the 
three index categories (eureny, meseny and lepteny; Table 19) , all 
four regions are categorised as mesene (neither high nor broad).
The orbital region (orbital height, orbital breadth, orbital index, 
bi-maxillofrontale)
Orbital height and orbital breadth are both quite uniform 
throughout the four regions. Nebilyer-Kaugel has the lowest mean 
orbital height (33.6mm) and Mariko the highest (34.6mm). None of the 
regions is significantly different for this variable.
Mean orbital breadth is greatest in Nebilyer-Kaugel (40.2mm) and 
least in Erave (39.8mm) and, not surprisingly, none of the regions is 
significantly different. However, the coefficients of variation 
differentiate Mariko from Chirnbu Gorge (1.95 [MA]; 4.32 [CG]; 3.16 
[NK]; 2.74 [ER]).
Regional uniformity in both orbital length and breadth is 
reflected by the orbital index. Mariko has the greatest mean value 
(86.6) and Nebilyer-Kaugel the smallest (83.7) . None of the regions 
is significantly different. The differences between minimum and 
maximum values for all regions are surprisingly large, and in each 
case the range encompass all three categories of the orbital index 
(chamaeconchy, mesoconchy and hypsiconchy). This is confirmed by the 
percentage distributions throughout the index categories for each 
region (Table 19), which indicates a high degree of variability in the 
orbital height-breadth ratio that is consistent throughout the 
Division. Although all four regions are classified as mesoconch, or
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of average height and breadth, there is a general tendency for the 
majority of crania in each region to fall toward the lower end of the 
scale, indicating orbits that are low and broad.
Interorbital breadth, as indicated by bi-maxillofrontale, is 
regionally uniform. Chimbu Gorge and Erave share the narrowest mean 
value (23.6mm) and Nebilyer-Kaugel has the broadest (24.3mm). None of 
the regional pairs is significantly different.
The nasal region (nasion-nasospinale, nasal breadth, nasofrontal 
articulation, nasal index)
Nebilyer-Kaugel has the greatest mean nasal height (nasion- 
nasospinale) (52.4mm) and Mariko the smallest (51.3mm) . None of the 
regions is significantly different.
Mariko possesses the broadest mean nasal breadth (27.6mm) and 
Nebilyer-Kaugel the narrowest (25.8mm). Mariko is significantly 
broader than both Chimbu Gorge and Nebilyer-Kaugel while the latter 
two regions are similar to each other and to Erave. The coefficients 
of variation differentiate Mariko from the other regions (3.33 [MA] ; 
5.88 [CG]; 6.70 [NK]; 5.92 [ER]).
The breadth of the nasofrontal articulation is, perhaps 
surprisingly, only weakly correlated with the breadth of the nasal 
aperture (r = .1678; p < .01 (Table 6)). Erave has the broadest mean 
nasofrontal articulation (13.0mm) and Mariko' the narrowest (9.8mm). 
There is a regular increase from east to west, although the only 
significant regional pairwise differences separate Mariko from the 
other three regions which are similar. Nebilyer-Kaugel is 
distinguished by its lower coefficient of variation (20.92 [MA]; 17.78
[CG]; 13.98 [NK]; 22.08 [ER]).
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The pattern of regional variation in the mean values of the nasal 
index is identical to that for nasal breadth. Mariko has the greatest 
mean value for the index (54.5) and Nebilyer-Kaugel the smallest 
(49.3) . The regional pairs significant for this variable are Mariko- 
Chimbu Gorge, Mariko-Nebilyer-Kaugel and Nebilyer-Kaugel-Erave. 
Regional differences in the coefficients of variation for the index 
(4.38 [MA] ; 8.99 [CG]; 7.50 [NK] ; 6.13 [ER]) correlate with 
differences in sample size. All three categories of the nasal index 
are encompassed within the range of variation for both Chimbu Gorge 
and Nebilyer-Kaugel, while the average and broad categories only are 
included in the ranges for Mariko and Erave (Table 19) . On average, 
Mariko and Erave are classified as platyrrhine (broad nasal aperture) , 
Chimbu Gorge and Nebilyer-Kaugel as mesorrhine (medium width nasal 
aperture).
Cheek height
The greatest mean cheek height occurs in Chimbu Gorge (23.2mm) and 
the smallest in Mariko (20.7mm). Chimbu Gorge has significantly 
greater mean cheek height than both Mariko and Nebilyer-Kaugel. None 
of the other pairwise comparisons is significant.
The palate (alveolar length, alveolar breadth, maxillo-alveolar index)
When considered separately, there appears to be great regional 
uniformity in the length and breadth of the maxillary alveolar arch. 
Mean alveolar length is greatest in Nebilyer-Kaugel (60.8mm) and least 
in Erave (58.4mm). The coefficients of variation are similar 
throughout the four regions and none of the regional means is
significantly different.
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Regional variation in mean alveolar breadth is similarly uniform, 
Mariko possessing the broadest palates (67.5mm) and Erave the 
narrowest (66.7mm). Again, the coefficients of variation are similar 
and none of the regions is significantly different in mean value.
Given regional uniformity in the two individual chord components 
of the maxillo-alveolar index (alveolar length and breadth), it is not 
surprising that the regional mean values for the index itself are 
similar, with none of the regions being significantly different. 
Erave has the greatest mean value (115.0) and Nebilyer-Kaugel the 
smallest (110.4) . On the basis of the mean values alone, Mariko, 
Chimbu Gorge and Nebilyer-Kaugel are all classified as mesuranic, or 
of average length relative to breadth, and Erave is only just 
classified as brachyuranic, or short relative to breadth.
There are, however, proportionally large differences between the 
regional coefficients of variation (2.53 [MA]; 6.62 [CG]; 4.23 [NK] ; 
6.62 [ER]). Examination of the individual index values for Chimbu 
Gorge indicates that its greatly expanded range is the product of two 
crania which have very short palates compared with their breadth 
(length and breadth values in both cases being at opposite and extreme
ends of their respective ranges) . All three categories of the
maxillo-alveolar index (dolichurany, mesurany and brachyurany) are
encompassed within the ranges of variation for each of the four
regions (Table 19) . Although Nebilyer-Kaugel is classified as
mesuranic on the basis of its mean value, 55% of the sample is in fact 
dolichuranic, or palatally longer relative to breadth. Furthermore, 
although Chimbu Gorge is also classified as mesuranic on the basis of 
its mean value, only 38% of the sample falls within this category, the 
rest being evenly distributed between the dolichuranic and
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brachyuranic categories. Extreme variation in palatal shape
throughout the Division is therefore indicated.
Facial prognathism (basion-nasion, basion-nasospinale, basion-
prosthion, nasospinale-prosthion, gnathic index, prosthion 
angle, nasospinale angle, subnasal angle)
The three major chord measures of facial prognathism are basion- 
nasion, basion-nasospinale and basion-prosthion. Mean basion-nasion 
length is greatest in Nebilyer-Kaugel (103.0mm) and smallest in Mariko 
(96.1mm). While the regional coefficients of variation are similar, 
significant mean differences separate Mariko from each of the other 
three regions, as well as differentiating Chimbu Gorge and Nebilyer- 
Kaugel .
The pattern of regional variation in basion-nasospinale length is 
identical to that described for basion-nasion: Nebilyer-Kaugel has the 
greatest mean basion-nasospinale length (97.7mm) and Mariko the 
smallest (91.3mm). The three significant pairwise mean differences 
are Mariko-Chimbu Gorge, Mariko-Nebilyer-Kaugel and Chimbu Gorge- 
Nebilyer-Kaugel.
Variation in mean basion-prosthion length does not follow the same 
regional pattern. Although Nebilyer-Kaugel again has the greatest 
mean length (103.7mm), Erave now has the shortest mean length 
(100.0mm), while none of the pairwise comparisons is significantly 
different. Erave is differentiated from the other regions by its 
larger coefficient of variation (3.61 [MA]; 4.13 [CG]; 4.39 [NK]; 5.97 
[ER]).
The index traditionally used to characterise the degree of facial 
prognathism is the gnathic index. It is a ratio of basion-nasion
length and basion-prosthion length and provides a measure of the
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overall degree of upper facial projection. Mariko possesses the 
greatest mean value for the index (106.7) and Erave the smallest 
(98.6) . Mariko is significantly more prognathic than each of the 
other three regions. Chimbu Gorge-Erave is the only other regional 
pair showing a significant internal difference. The lack of variation 
in basion-prosthion length already noted means that variation in the 
gnathic index is a function of variation in basion-nasion length 
alone.
All three grades of the gnathic index (orthognathic, mesognathic 
and prognathic) are encompassed within the ranges of variation 
identified for Chimbu Gorge, Nebilyer-Kaugel and Erave. Mariko lacks 
any crania classified as mesognathic. The percentage distributions of 
crania throughout the orthognathic and prognathic categories for 
Mariko (Table 19) indicates that the region is predominantly 
prognathic;, this observation is in agreement with the designation 
given by the regional mean value. Chimbu Gorge, Nebilyer-Kaugel and 
Erave are all classified as mesognathic on the basis of their mean 
values, but it can be seen from Table 19 that in fact these regions 
are highly variable in terms of their percentage distributions, 
Nebilyer-Kaugel in particular having quite an even distribution over 
all three index categories. It is clear from both the regional mean 
values and the percentage distributions, however, that there is a 
trend of decreasing prognathism from Mariko in the east to Erave in 
the west.
A similar trend of increasing facial prognathism from east to west 
is indicated by the regional mean values of the prosthion (nasion- 
prosthion-basion) angle. An increase in this angle means a decrease 
in the degree of upper facial prognathism. Mariko has the smallest 
mean angle (64.7°) and Erave the greatest (71.1°). The regional pairs
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showing significant internal differences are identical to those 
identified for the gnathic index: Mariko-Chimbu Gorge, Mariko- 
Nebilyer-Kaugel, Mariko-Erave and Chimbu Gorge-Erave.
The prosthion angle is computed from three chord measurements: 
basion-nasion, nasion-prosthion and basion-prosthion. A lack of 
significant regional variability in both nasion-prosthion and basion- 
prosthion length has already been noted and it appears that the only 
contributing factor to the observed variability in the prosthion angle 
is variability in basion-nasion length. If basion-prosthion and 
nasion-prosthion are held constant, an increase in basion-nasion 
length will result in an increase in the prosthion angle. Apart from 
a minor reversal at Erave, a regular east-west increase in basion- 
nasion length is reflected by the regular increase in prosthion angle. 
Generally speaking, the observed variability in upper facial 
prognathism is in fact due to variability in basion-nasion length 
alone rather than to a suite of character differences.
Upper facial prognathism can be broken down into two components: 
nasal projection and subnasal projection, indicated by the nasospinale 
(nasion-nasospinale-basion) angle and the subnasal (nasospinale- 
prosthion-basion) angle respectively.
There is little variation in the regional mean values for the 
nasospinale angle; Mariko is again the most prognathic region, with a 
mean value of 79.2°, and Erave is the least nasally prognathic, with a 
mean of 82.5°. Regional differences in the coefficients of variation 
tend to differentiate Mariko from the others (2.77 [MA] ; 4.72 [CG]; 
3.92 [NK] ; 4.18 [ER]) . The only regional pair significant in the 
pairwise comparisons for this variable is Mariko-Erave, although it is 
possible to identify a trend of generally decreasing nasal projection
from east to west.
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The nasospinale angle is computed from three chord measurements: 
basion-nasion, nasion-nasospinale and basion-nasospinale. A lack of 
significant regional variation in nasion-nasospinale (nasal height) 
has already been noted, as has the significant regional variation in 
basion-nasion length. To maintain a low and basically non-significant 
level of regional variation in the nasospinale angle, therefore, there 
needs to be a level of variability in basion-nasospinale length 
commensurate with the levels observed for basion-nasion length. In 
fact, the pattern and levels of significant variation are almost 
identical for these two variables.
The measurement with possibly the greatest level of regional 
variation observed for the entire variable list is the subnasal angle. 
Mariko is the most subnasally prognathic region with a mean value of 
53.6° and Erave is the least prognathic region with a mean of 69.7°. 
The only regional pair not significant for this variable is Nebilyer- 
Kaugel-Erave. Although the regional coefficients of variation are 
very similar (10.71 [MA]; 10.58 [CG]; 9.17 [NK]; 9.68 [ER]), there is 
almost no overlap in the actual ranges of variation for Mariko and 
Erave.
The subnasal angle is computed from three chord measurements: 
basion-nasospinale, nasospinale-prosthion and basion-prosthion. 
Regional variation in basion-nasospinale and basion-prosthion length 
has already been described. Mean nasospinale-prosthion length is 
fairly uniform throughout the four regions, Chimbu Gorge having the 
greatest value at 21.5mm and Erave the smallest at 19.7mm. These two 
regions are the only ones significantly different for this variable. 
Differences in the coefficients of variation tend to be inversely 
related to sample size (16.28 [MA]; 11.02 [CG]; 12.31 [NK]; 16.0
[ER]).
138
As already described, basion-prosthion length is not significantly 
variable throughout the Division, and neither is nasospinale-prosthion 
length. Significant variation in the subnasal angle would therefore 
seem to be a function of variability in basion-nasospinale length 
alone, but the level of regional variation in this chord does not 
appear to be sufficient to account for the extreme variability 
observed in the angle. It is worth noting, however, that nasospinale- 
prosthion length is a small dimension, around 20mm. Seemingly minor 
fluctuations in either basion-nasospinale or basion-prosthion length 
will therefore have an exaggerated effect upon the orientation of the 
nasospinale-prosthion chord, and hence upon the value of the subnasal 
angle.
b5.2.3 T-test Results 
5.2.3.1 Methods and Assumptions
Before proceeding to a more detailed examination of the results of 
the t-test analyses, it is appropriate here to discuss a feature of 
the previous variable descriptions which has an important bearing on 
the t-test results. This relates to the observation that differences 
in the magnitude of the regional ranges of variation for individual 
variables appear to be correlated with differences in sample size, 
first noted in the description of glabella-opisthocranion length. In 
particular, Chimbu Gorge, by far the largest sample, is very often 
identified as the region with the largest range of variation, 
sometimes double those of the others. In fact, of the total of 47 
variables discussed, Chimbu Gorge has the largest range of variation 
for 41 (87%) . Furthermore, the range of variation identified for
Chimbu Gorge is at least double the range identified for one or more
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of the other regions for 26 variables (55%) . Quite obviously, 
differences in the ranges of variation for almost all of the variables 
are strongly linked to differences in sample size. The possible 
effect of differences in sample size has been commented on throughout 
the variable descriptions using the coefficient of variation as an 
indicator of individual regional dispersion. The potential for 
sampling bias in the identification of significant regional mean 
differences will now be more thoroughly examined.
The t-test is a test of the hypothesis that two sample means for a 
single variable are equal. The procedure assumes certain properties 
of the population samples being compared, specifically that the 
observations for each sample are normally distributed and that the 
sample variances are equal. Approximations to the normal distribution 
can be tested using the Shapiro-Wilk statistic (W) (Shapiro and Wilk 
1965) . Each of the 47 variables for the four regions was compared to 
a hypothetical normal distribution using this statistic (SPSS/PC+ 
procedure EXAMINE (Norusis and SPSS Inc. 1988c:B25,B32)). The results 
are included in Tables 9 to 12.
None of the variables shows a significant departure from normality 
for the Mariko sample. Within the Chimbu Gorge sample, only four 
variables are significant for W at p < .01: nasal breadth, orbital 
breadth, bi-maxillofrontale and nasofrontal articulation. Both the 
Nebilyer-Kaugel and Erave samples show significant non-normal 
distributions for only a single variable each: nasion-metopion for 
Nebilyer-Kaugel, glabella prominence for Erave.
The total number of variables examined for non-normality 
throughout Tables 9 to 12 is 188 (4 x 47) . At p < .01, we would 
expect that approximately 2 variables would be non-normal due to 
chance alone; at p < .05. The total number of variables significant
at p < .01 is in fact six, which is not much greater than the number 
predicted by chance. Furthermore, no variable is non-normal more than 
once. Normality is therefore not refuted.
But what of the sample variances? Variance is a measure of the 
degree of dispersion of the sample observations around the mean, which 
takes into account all of the observations for that sample. It is 
therefore strongly influenced by the frequencies of the observations 
occurring between the minimum and maximum values, but is not 
necessarily affected by the absolute values of the minimum and maximum 
observations nor by the magnitude of the range between them.
In terms of the present situation, this means that although Chimbu 
Gorge may have a range of variation for any one variable that is far 
in excess of those for any one of the other regions, the variances 
will be equivalent so long as the regions display similar tendencies 
in the distributions of their observations around the mean.
The statistic used to test the hypothesis that two sample 
variances are equal is the F value, which is the ratio of the larger 
variance to the smaller. If the calculated value of F is significant 
at a predetermined level (in this case, p < .05), then the hypothesis 
of equal variances is rejected. In situations where the sample 
variances are not significantly different, then a pooled-variance t- 
test is the appropriate statistic to test the difference of the sample 
means. However, if F is significant, then a separate-variance t-test 
is required. Further elaboration of the statistics underlying the 
application of the t-test can be found in Sokal and Rohlf (1969:220— 
223) .
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The F test of variance equality was conducted for all variables in 
each of the pairwise regional comparisons of the means (Tables 13 to
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18) . The number of variables with a significant F value for each 
pairwise comparison is listed below:
CG NK
Mariko (MA) 5 5
Chimbu Gorge (CG) - 1
Nebilyer-Kaugel (NK) -
ER
3
3
4
While it is generally true that the pairwise comparisons involving 
unequal sample sizes tend to have a greater number of variables 
significant for F, the actual numbers of variables for each of the 
comparisons is very small. Of the total number of observations (47 
variables x six pairwise comparisons = 282), we would expect around 14 
to be significant due to chance alone at p < .05. The actual number 
of variables significant for F at p < .05 is 21. Inequality of 
variance is therefore probably not going to have a deleterious effect 
upon the t-tests, and hence upon the indications of significant 
regional variation. For those variables that do display significant 
inequalities between the sample variances, the separate-variance t- 
test has been used to safeguard against assumption violations.
5.2.3.2 Regional Comparisons
The results of the pairwise comparison of regional means using the 
t-test (Tables 13 to 18) will now be discussed separately for each 
regional pair.
Mariko vs Chimbu Gorge (Table 13)
Mariko and Chimbu Gorge vary significantly on a total of 14 
variables, which include eight chords, two angles and four indices.
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This is well above the figure expected due to chance alone (two 
variables at p < .05) . Significant chord differences are confined to 
the form of the frontal bone (metopion height and nasion-metopion) and 
elements of facial breadth (maximum supraorbital breadth, nasal 
breadth, nasofrontal articulation), facial height (cheek height) and 
facial prognathism (basion-nasion and basion-nasospinale). 
Significant differences between these two regions in general aspects 
of vault and facial shape are also indicated by significant t values 
for the frontal curvature, nasal and gnathic indices and the prosthion 
and subnasal angles. Generally, Mariko possesses crania with 
significantly more curved frontals, narrower supraorbital and 
interorbital regions, broader noses, smaller cheek heights, and more 
prognathic faces (both upper-facially and subnasally). A significant 
difference in the cranial index also indicates broader vaults relative 
to length for Mariko.
Mariko vs Nebilyer-Kaugel (Table 14)
Mariko and Nebilyer-Kaugel vary significantly on a total of 16 
variables, which include nine chords, two angles and five indices. 
Again, this is well above the figure expected due to chance alone. 
Significant chord differences are similar to those described for the 
previous pair and relate to vault length (glabella-opisthocranion), 
the form of both the frontal (metopion height) and the parietal 
(lambda-bregma, parietal subtense height) and elements of facial 
breadth (maximum supraorbital breadth, nasal breadth and nasofrontal 
articulation) and facial prognathism (basion-nasion, basion- 
nasospinale) . This suite of significant vault and facial features is 
reflected by significant mean variation in the cranial, frontal 
curvature, parietal curvature, nasal and gnathic indices and the 
prosthion and subnasal angles. Mariko crania again tend to have
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vaults which are broader relative to their length, more curved 
frontals, flatter parietals, narrower supraorbital and interorbital 
regions, broader noses and more prognathic faces (both upper-facially 
and subnasally).
Mariko vs Erave (Table 15)
Mariko and Erave vary significantly on a total of 13 variables, 
well above the figure expected due to chance alone. These include six 
chords, three angles and four indices. Significant chord differences 
relate to vault breadth (maximum bi-parietal breadth), the form of 
both the frontal (nasion-metopion) and the parietal (lambda-bregma and 
parietal subtense height), elements of facial breadth (nasofrontal 
articulation) and facial prognathism (basion-nasion). These vault and 
facial differences are reflected by significant mean variation in the 
cranial, frontal curvature, parietal curvature and gnathic indices and 
the prosthion, nasal and subnasal angles. Mariko crania are again 
characterised by vaults which are broader both absolutely and relative 
to length, more curved frontals and flatter parietals, narrower 
interorbital breadths and more prognathic faces (upper-facially, 
nasally and subnasally).
Chimbu Gorge vs Nebilyer-Kaugel (Table 16)
Chimbu Gorge and Nebilyer-Kaugel vary significantly on a total of 
11 variables (well above chance levels), which include eight chords, 
one angle and two indices. Significant chord differences relate to 
vault length (glabella-opisthocranion), the form of the parietal 
(lambda-bregma, parietal subtense height and bregma-parietal subtense) 
and elements of facial height (cheek height) and facial prognathism 
(basion-nasion, basion-nasospinale and nasospinale-prosthion). This
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significant chord variation is also reflected by the cranial and 
parietal curvature indices and the subnasal angle. Generally, crania 
from Nebilyer-Kaugel possess vaults which are longer, both absolutely 
and relative to breadth, more strongly curved parietals, smaller cheek 
heights and less subnasally prognathic faces.
Chimbu Gorge vs Erave (Table 17)
Chimbu Gorge and Erave vary significantly on a total of 10 
variables (again above chance levels), which include six chords, two 
angles and two indices. Significant chord differences are mostly 
confined to the vault and relate to vault breadth (maximum bi-parietal 
breadth) , the form of both the frontal (nasion-metopion) and the 
parietal (lambda-bregma, parietal subtense height and bregma-parietal 
subtense) and supraorbital development (glabella prominence). A 
significant mean difference in the parietal curvature index is a 
reflection of chord-indicated variation in the form of the parietal 
bone. A lack of significant difference between the mean values of the 
frontal curvature index means that significant variation in nasion- 
metopion length is just that and not related to frontal curvature. 
Regional variation in the degree of facial prognathism as indicated by 
significant t values for the gnathic index and the prosthion and 
subnasal angles was not foreshadowed by variation in their component 
chords. Generally, crania from Chimbu Gorge possess broader vaults, 
flatter parietals, more prominent glabellae and flatter faces (both 
upper-facially and subnasally).
Nebilyer-Kaugel vs Erave (Table 18)
Nebilyer-Kaugel and Erave vary significantly on a total of only 
five variables, which include four chords and one index. This figure
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is twice that expected due to chance alone, but it is far closer than 
the figures described in the previous pairwise descriptions. The 
significant chord differences relate to vault length (glabella- 
opisthocranion) and breadth (minimum postorbital breadth), the form of 
the frontal (nasion-metopion) and supraorbital development (glabella 
prominence). Not indicated by the chords is a significant difference 
in the nasal index. Generally, these two regions are distinguished by 
the fact that crania from Nebilyer-Kaugel possess longer and 
postorbitally narrower vaults with more prominent glabellae.
5.2.3.3 Morphological Variation
A summary of the t-test results is given in Table 20. Sixteen 
chords, three angles and five indices exhibit significant mean 
differences for at least one regional pair. Further discussion of 
these results deals first with the chord variables alone, then with 
the angle and index variables.
Chord variables
Of the 16 chord variables displaying significant regional mean 
differences, five are either unrelated measurements in terms of the 
morphological features they describe, or they are significantly 
variable over only one or two dichotomous regional pairs. These are 
maximum bi-parietal breadth (MA-ER, CG-ER), minimum postorbital 
breadth (NK-ER), glabella prominence (CG-ER, NK-ER), cheek height (MA- 
CG, CG-NK) and nasospinale-prosthion (CG-NK) . The remaining 12 chord 
measurements display individually regular patterns of significant 
variation throughout the six regional pairs. When these are jointly 
considered, they indicate a generally regular pattern of significant
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Table 20. Summary of individual variable mean comparisons for each of 
six Central Highland regional pairs. An asterisk indicates the 
regional pair shows significant differences for t at p < .05
Regional Pairs
Variable MA-CG MA-NK MA-ER CG-NK CG-ER NK-ER
Glabella-opisthocranion * * *
Maximum bi-parietal br. 
Bi-auriculare
* *
Basion-bregma
Maximum supraorbital br. * *
Minimum postorbital br. 
Nasion-bregma
*
Metopion height * *
Nasion-metopion * * * *
Glabella prominence * ★
Lambda-bregma * * * *
Parietal subtense h t . * * * *
Bregma-parietal subtense
Mastoid length
Lambda-asterion
Lambda-inion
Basion-lambda
Auriculare-basion
* *
Foramen magnum length 
Foramen magnum breadth 
Nasion-prosthion 
Bi-zygion
Nasion-nasospinale 
Nasal breadth * *
Cheek, height 
Orbital height 
Orbital breadth 
Bi-maxillofrontale
* *
Nasofrontal articulation 
Alveolar length 
Alveolar breadth
* * *
Basion-nasion * * * *
Basion-nasospinale
Basion-prosthion
* * *
Nasospinale-prosthion ★
Prosthion angle * * * *
Nasospinale angle *
Subnasal angle 
Cranial module
* * * * *
Cranial index * * * *
Frontal curvature index * * *
Parietal curvature index 
Upper facial index 
Orbital index
* * * *
Nasal index 
Maxillo-alveolar index
* * *
Gnathic index * * * *
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variation throughout the Division for a number of morphological 
features. These are vault length, sagittal vault curvature and 
elements of facial breadth and facial prognathism.
Nebilyer-Kaugel is distinguished from the other three regions by a 
regularly greater mean vault length (glabella-opisthocranion) . None 
of the other three regions is significantly different for this 
variable.
Mariko is distinguished from the other three regions by a 
significantly narrower supraorbital region (maximum supraorbital 
breadth and nasofrontal articulation) and a broader nasal aperture 
(nasal breadth). None of the other regions is significantly different 
for these three variables.
A complex pattern of regional variation in sagittal vault 
curvature is indicated by a number of chord variables. Regional 
variation in the form of the frontal is indicated by significant 
differences in metopion height (MA-CG and MA-NK) and nasion-metopion 
(MA-CG, MA-ER, CG-ER and NK-ER). Mariko is generally distinguished by 
its greater absolute frontal curvature height and Erave by its more 
anteriorly located point of maximum frontal curvature, although both 
Mariko and Chimbu Gorge are also somewhat variable for this latter 
feature.
Regional variation in the form of the parietal is indicated by 
significant mean differences in both lambda-bregma length and parietal 
subtense height (MA-NK, MA-ER, CG-NK and CG-ER for both variables) and 
in bregma-parietal subtense length (CG-NK and CG-ER) . If only the 
first two variables are considered, there is no apparent separation of 
any one region from the others, but if all three variables are 
considered together, Chimbu Gorge is distinguished by parietals of
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intermediate curvature but with the point of maximum curvature located 
more anteriorly.
Lastly, significant mean differences in basion-nasion (MA-CG, MA- 
NK, MA-ER and CG-NK) and basion-nasospinale (MA-CG, MA-NK and CG-NK) 
indicate regional differentiation in the degree of facial prognathism. 
Mariko, Chimbu Gorge and Nebilyer-Kaugel are characterised by 
significant and regularly increasing mean values for both variables 
and, given a lack of significant variation in basion-prosthion length, 
the regional trend might be expected to show decreasing degrees of 
facial projection from Mariko in the east to Nebilyer-Kaugel in the 
west.
Angle and index variables
The angle and index variables tend to confirm the patterns 
described for related morphological features identified by the chord 
variables. A lack of significant regional variation in the cranial 
module indicates generally uniform vault size throughout the Division. 
However, significant variation in the cranial index (MA-CG, MA-NK, MA- 
ER and CG-NK) certainly differentiates Mariko from the other three 
regions on the basis of its greater mean vault breadth. Nebilyer- 
Kaugel is also distinguished as a result of its greater vault length.
Significant variation in nasal breadth which differentiates Mariko 
from the other regions is reflected by variation in the nasal index 
(MA-CG, MA-NK and NK-ER). There does not appear to be any significant 
variation in overall upper facial shape however (neither the upper 
facial index nor the orbital index are regionally variable), and
variation in facial breadth is therefore confined to the nasal and
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supraorbital regions (identified by the individual chord 
measurements).
Regional variation in the degree of sagittal vault curvature is 
also indicated by variation in both the frontal (MA-CG, MA-NK, MA-ER) 
and parietal (MA-NK, MA-ER, CG-NK and CG-ER) curvature indices, 
although now a geographically regular pattern is evident in the 
former. Mariko is distinguished by a significantly greater degree of 
frontal curvature, the other three regions being similar with no 
significant variation indicated. The parietal curvature index remains 
significantly variable throughout the entire Division and indicates a 
regularly increasing degree of posterior sagittal vault curvature from 
Mariko in the east to Erave in the west.
Variation in the degree of facial prognathism is also indicated by 
significant variation in the gnathic index (MA-CG, MA-NK, MA-ER and 
CG-ER), the prosthion angle (MA-CG, MA-NK, MA-ER and CG-ER) and the 
subnasal angle (MA-CG, MA-NK, MA-ER, CG-NK and CG-ER). An identical 
pattern of variability for the prosthion angle and the gnathic index 
is to be expected, given that they are computed from the same three 
chord measurements and measure the same morphological feature. 
Together, they distinguish Mariko from the other three regions on the 
basis of its greater degree of general upper facial prognathism. A 
regularly decreasing degree of facial prognathism from east to west, 
postulated earlier, is reflected by the pattern of significant 
subnasal angle variation.
It is interesting to note that the nasospinale angle is 
significantly different for only a single regional pair, Chimbu Gorge- 
Nebilyer-Kaugel. This indicates that differences in overall facial 
prognathism are largely subnasal in origin.
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5.2.3.4 Summary
In summary, it is possible to draw a number of conclusions 
concerning regional craniometric variation within the Central 
Highlands Division on the basis of significant regional pairwise mean 
differences for a number of chord, angle and index variables:
1. The Division is generally homogeneous for most aspects of vault 
and facial size and shape, although a number of regional patterns can 
be identified that relate to either specific morphological character 
suites or to regular geographic change.
2. Mariko is consistently differentiated on the basis of its 
greater vault breadth, greater frontal curvature, narrower 
supraorbital region, broader nasal aperture and generally greater 
degree of facial prognathism. The other three regions appear to be 
reasonably homogeneous and without significant variation for most of 
these features.
3. Nebilyer-Kaugel is consistently differentiated on the basis of 
its greater vault length.
4. Morphological features that are significantly variable and 
which display regular geographic (clinal) variation relate to 
posterior vault curvature (increasing east to west) and subnasal 
prognathism (decreasing east to west).
5. With regard to regional differentiation within the Division, 
Mariko is the region most regularly separated and so can be described 
as the most distinctive.
6. Nebilyer-Kaugel and Erave significantly differ on only five of 
a total of 47 variables. This is half the number of variables for the 
nearest regional pair (Chimbu Gorge-Erave with 10) and is only
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slightly above chance levels; it indicates a particularly close 
relationship between these two geographically adjacent regions.
5.3 Univariate Analysis of Variance 
5.3.1 Methods and Assumptions
The t-test analysis presented in Section 5.2.3 has elucidated 
patterns of significant morphological variation throughout the Central 
Highlands Division based on a series of pairwise comparisons. A more 
appropriate test for the identification of significant variation 
across three or more samples is the procedure referred to as analysis 
of variance (anova). This procedure tests the hypothesis that the 
sample means for any one variable are equal by examining the ratio 
(known as F) of between-group variation (the variation in the sample 
means) to within-group variation (the degree of variation within each 
sample). A significant F ratio indicates inequality between the 
sample means. Details of the methods and procedures regarding anova 
can be found in Sokal and Rohlf (1969: Chapters 8 to 13) .
A number of assumptions underlie the use of the anova model. 
Given independence of sampling, the most important assumptions are 
that the variables are normally distributed and have equality of 
variance for all groups (Sokal and Rohlf 1969 :369-377) . These are in 
fact the same sample characteristics assumed by the t-test. The 
probabilities of approximation to the normal distribution for all 
variables for each of the four Central Highlands regions have already
been discussed (refer to Section 5.2.3.1)
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Equality of variance in the anova model can be tested using the 
Bartlett-Box F. Based on Bartlett's test for homogeneity of variance, 
this statistic is unduly sensitive to departures from normality (Sokal 
and Rohlf 1969:375) and a significant value may indicate non-normality 
rather than heterogeneity of variance.
To guard against possible errors due to violations of these anova 
assumptions, the results of a non-parametric analysis of variance 
(Kruskal and Wallis 1952) can be compared against the parametric anova 
results. Both types of anova have been performed in this analysis.
A technique for determining which regional means are significantly 
different from each other in the anova is the multiple comparisons 
test (Sokal and Rohlf 1969:235-246). These tests protect against 
calling too many differences based on the results of a series of t- 
tests significant. With five groups, all having the same population 
mean, the probability that at least one of the 10 possible pairwise 
comparisons is significant at p < .05 is .29 (Norusis and SPSS Inc. 
1988a:B156, citing Snedecor 1967). Multiple comparisons tests set up 
more stringent criteria for declaring significant differences.
5.3.2 Results
The results of a parametric one-way analysis of variance using a 
fixed-effects model for each of the 47 chords, angles and indices are 
given in Table 21. The analysis was performed using the SPSS/PC+ 
procedure ONEWAY (Norusis and SPSS Inc. 1988a:B153-164). The Scheffe 
multiple comparisons test was also included (Norusis and SPSS Inc. 
1988a:B156); the results of the multiple comparisons test are given in
Table 22.
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Table 21. Summary statistics for the Central Highlands Division 
univariate analysis of variance
Bartlett-Box Kruskal-Wallis
Variable F F H
Glabella-opisthocranion 8.659** .318 '20.415**
Maximum bi-parietal br. 1.887 2.356 6.125
Bi-auriculare .613 1.059 1.933
Basion-bregma .949 2.072 2.109
Maximum supraorbital br. 1.238 1.572 4.826
Minimum postorbital br. 2.077 .939 7.304
Nasion-bregma . 998 .082 1.815
Metopion height 1.898 .715 5.973
Nasion-metopion 6.305** 3.081* 18.102**
Glabella prominence 2.588* 3.196* 8.286*
Lambda-bregma 5.421** .108 13.255**
Parietal subtense h t . 6.300** 1.338 17.437**
Bregma-parietal subtense 4.037** .962 10.872*
Mastoid length 1.612 1.214 4.671
Lambda-asterion .554 1.486 2.247
Lambda-inion . 423 .601 .933
Basion-lambda .583 .469 2.045
Auriculare-basion .599 . 946 1.784
Foramen magnum length 1.647 1.202 6.335
Foramen magnum breadth 1.644 .367 4.754
Nasion-prosthion .801 1.146 2.326
Bi-zygion .908 .739 3.701
Nasion-nasospinale .399 . 642 1.166
Nasal breadth 3.746* 1.098 11.177*
Cheek height 7.038** .183 16.999**
Orbital height .859 2.117 2.310
Orbital breadth .194 2.986* .683
Bi-maxillofrontale .716 .265 2.414
Nasofrontal articulation 3.898* 1.567 8.723*
Alveolar length 1.791 .021 4.682
Alveolar breadth .078 .813 .543
Basion-nasion 10.147** .765 20.762**
Basion-nasospinale 7.889** .470 19.504**
Basion-prosthion 1.199 . 612 1.802
Nasospinale-prosthion 2.340 .781 5.856
Prosthion angle 5.773** .101 14.655**
Nasospinale angle 1.479 1.256 4.658
Subnasal angle 12.819** .084 27.990**
Cranial module 1.875 .236 5.434
Cranial index 11.303** .554 25.485**
Frontal curvature index 5.526** 1.720 13.325**
Parietal curvature index 2.837* 5.401** 9.400*
Upper facial index .052 .899 .067
Orbital index 1.212 1.430 3.445
Nasal index 4.024** 1.651 13.388**
Maxillo-alveolar index 1.123 3.696* 5.421
Gnathic index 6.012** .018 14.701**
= p < .05 = p < .01
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Table 22. Anova multiple comparisons test results, Central Highlands 
Division. An asterisk indicates the regional pair shows 
significant differences at p < .05
Regional Pairs
Variable MA-CG MA-NK MA-ER CG-NK CG-ER NK-ER
Glabella-opisthocranion 
Nasion-metopion 
Glabella prominence 
Lambda-bregma 
Parietal subtense ht. 
Bregma-parietal subtense 
Nasal breadth 
Cheek height
Nasofrontal articulation
Basion-nasion
Basion-nasospinale
Prosthion angle
Subnasal angle
Cranial index
Frontal curvature index
Parietal curvature index
Nasal index
Gnathic index
★ ★
★
★
★ ★ ★
★
★
★ ★
★ 
★
★ ★
★
★ ★
★
★
★
★
★
★
★
★
★
★
★★
The results of a Kruskal-Wallis non-parametric analysis of 
variance for each variable using the SPSS/PC+ procedure NPAR TESTS 
(Norusis and SPSS Inc. 1988a :B186) are also given in Table 21. The 
results of the parametric and non-parametric anovas are identical, 
indicating that variance heterogeneity is unlikely to have had any 
effect upon the validity of the significance determinations.
A total of 18 variables (11 chords, two angles and five indices) 
show significant levels of variation throughout the Division on the 
basis of the anova (Table 21) . The chord variables relate to vault 
length (glabella-opisthocranion), the form of both the frontal 
(nasion-metopion) and the parietal (lambda-bregma, parietal subtense 
height and bregma-parietal subtense), supraorbital development 
(glabella prominence) and elements of facial height (cheek height), 
facial breadth (nasal breadth and nasofrontal articulation) and facial 
prognathism (basion-nasion and basion-nasospinale).
The absence of regional variation in the various measures of vault 
breadth, combined with significant variation in vault length, explains 
the lack of significant regional variation in the cranial module. It 
also indicates that variation in vault length alone is the cause of 
significant regional mean differences in the cranial index. Chord 
indications of regional variation in the form of both the frontal and 
parietal bones are reflected by the significant F values for both the 
frontal and parietal curvature indices. A significant value for the 
nasal index is the result of regional variation in nasal breadth 
rather than length. Finally, significant levels of variation in the 
degree of upper facial and subnasal prognathism are further indicated 
by variation in both the prosthion and subnasal angles.
These results of the multiple comparisons test (Table 22) may be
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summarised as follows:
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1. Although glabella prominence, bregma-parietal subtense and the 
parietal curvature index all show significant levels of variation 
throughout the Division on the basis of their F values, none is 
significant for any of the individual pairwise comparisons, indicating 
only low levels of variability and a very generalised pattern of 
regional variation for these three variables.
2. Mariko is routinely distinguished from the other three regions 
by virtue of its significantly greater degree of facial (particularly 
subnasal) prognathism. This is indicated in the multiple comparison 
test by various pairwise regional combinations of chords, angles and 
indices. Despite these individual variable differences, Mariko is 
more similar to its nearest neighbour, Chimbu Gorge, than it is to 
either Nebilyer-Kaugel or Erave. Apart from aspects of facial 
prognathism, morphological features which also differentiate Mariko 
from the latter two regions relate variously to its shorter vault 
length and greater nasal breadth. A greater degree of frontal 
curvature also distinguishes Mariko from both Chimbu Gorge and 
Nebilyer-Kaugel.
3. Chimbu Gorge is variously distinguished from the other three 
regions by virtue of its greater cheek height (separating it from both 
Mariko and Nebilyer-Kaugel), more curved frontals (separating it from 
Erave), flatter parietals (separating it from Nebilyer-Kaugel and 
Erave) and greater facial (subnasal) prognathism (separating it from 
Nebilyer-Kaugel).
4. Apart from the morphological features relating to facial 
prognathism and frontal and parietal curvature already described, 
Nebilyer-Kaugel is primarily distinguished from both Mariko and Chimbu 
Gorge by virtue of its greater vault length.
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5. Erave is virtually indistinguishable from both Chimbu Gorge and 
Nebilyer-Kaugel. The only morphological features distinguishing it 
from Chimbu Gorge are single chord elements of frontal and parietal 
curvature.
5.3.3 Summary
It is possible to make a number of general observations on the 
results of the anova. The Central Highlands Division appears to be 
quite homogeneous for most aspects of facial and vault size and shape, 
there being only 11 chord variables displaying significant levels of 
regional variation. These chords and their associated angles and 
indices are consistent in identifying vault length, the degree of 
sagittal vault curvature and the degree of facial prognathism as the 
major distinguishing morphological features. Mariko is characterised 
by quite prognathic faces and curved frontals. Chimbu Gorge is 
characterised by an intermediate degree of facial prognathism and 
flatter parietals, whereas Nebilyer-Kaugel is characterised by longer 
vaults. There are indications of regular clinal variation in both 
facial (subnasal) prognathism (decreasing from east to west) and 
parietal curvature (increasing from east to west). Lastly, in terms 
of a geographic pattern of regional variation throughout the Division, 
the eastern portion is far more variable than the western. Although 
Mariko is more similar to Chimbu Gorge than it is to the other two 
regions, it is the region most consistently differentiated. This 
indicates that Mariko is in fact the only truly distinctive region 
within the Central Highlands Division, albeit only marginally so.
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5.4 Summary of Univariate Statistical Results
The following observations on craniometric variation throughout 
the Central Highlands Division are based on a comparison of the t-test 
and anova results:
1. The t-test analysis indicated 24 variables (16 chords, three 
angles and five indices) with significant mean differences for at 
least one regional pair. This number was altered to 18 variables (11 
chords, two angles and five indices) on the basis of the anova results 
and in most cases the number of regional pairs significantly different 
for these variables was reduced.
2. Mariko is consistently differentiated from the rest of the 
Division, primarily on the basis of its greater degree of facial 
prognathism but also on the basis of greater frontal curvature. Other 
morphological features relating to the supraorbital and nasal regions 
identified in the t-test analysis as differentiating Mariko from the 
rest of the Division become either sporadically variable or drop out 
altogether in the anova results.
3. The anova results confirm the pairwise t-tests in identifying a 
close relationship between Nebilyer-Kaugel and Erave.
4. Clinal variation throughout the Division in the degree of both 
parietal curvature (increasing from east to west) and facial 
(subnasal) prognathism (decreasing from east to west) is indicated by 
both the t-test and anova results.
5. Taken as a whole, the univariate statistical results indicate 
that the Central Highlands Division is generally homogeneous, with a 
very slight degree of internal differentiation separating Mariko in
the east from the other three regions. Apart from regular variation
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in facial (subnasal) prognathism and parietal curvature, most of the 
variables showing significant regional heterogeneity are randomly 
distributed throughout the pairwise comparisons.
5.5 Multivariate Techniques: Discriminant and Cluster Analyses
My primary objective in using the multivariate analyses presented 
in this section is to explore and summarise the data in such a way 
that will enable some comment on the degree and, it is hoped, the 
pattern of population variability within the Central Highlands 
Division. In keeping with this objective, I have conducted a series 
of discriminant analyses which place varying degrees of emphasis on 
data exploration. The rationale behind each of these 'multivariate 
experiments' and their results are presented in Section 5.5.1. 
Section 5.5.2 presents the results of a cluster analysis which is 
itself based on the results of the discriminant procedure. Each of 
these sections is introduced by a discussion of the technique, 
assumptions underlying its proper use, and the way in which the 
procedure has been applied in the present study. Section 5.5 then 
concludes with a summary of the discriminant and cluster results
combined.
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5.5.1 Discriminant Analyses
5.5.1.1 Methods and Assumptions
The analysis of population variability performed at a multivariate 
level offers several advantages over a series of univariate analyses. 
Specifically, a multivariate approach allows individuals to be treated 
as complete morphological units where the interrelationship of 
variables is taken into account (Howells 1969). In terms of 
biological interpretation, this is an advantage over univariate 
methods where covariation may not be as readily identified. Also, a 
multivariate approach avoids the problem of type-1 error inflation 
common to univariate tests of significance, where the probability of 
rejecting the null hypothesis when it is correct increases as more 
variables are considered (Harris 1975).
The major purpose of discriminant analysis is to predict group 
membership on the basis of a variety of predictor variables 
(Tabachnick and Fidell 1983:292). The mathematical foundation of this 
technique is now well established (see Goldstein and Dillon 1978 and 
Lachenbruch and Goldstein 197 9 for detailed discussion) . The 
objective is to weight and lineally combine a series of discriminating 
variables such that intercorrelation of the variables is considered 
and the ratio of between-group variance to total variance is 
maximised. Depending on the number of groups under consideration or 
the number of discriminating variables used (whichever is the 
greater), a finite series of orthogonal functions is derived which 
maximise group separation. The first function or canonical variate is 
computed so as to account for the majority of variation among the 
groups. The remaining functions (canonical variates) account for the 
residual variation in a sequentially decreasing order of contribution.
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The technique was originally designed to solve the problem of 
assigning an unknown subject to one of two or more groups on the basis 
of a single multivariate observation (Lachenbruch and Goldstein 1979), 
and research developments over the last 50 years have tended to 
concentrate on this particular utilisation of the procedure (see 
Kowalski 1972; van Vark 1976; Corruccini 1975, 1978; and Lachenbruch
and Goldstein (1979) for reviews and commentaries on the use of this 
approach in biological anthropology). However, discriminant analysis 
can also be used to provide a measure of the degree of variation 
between the groups concerned (Campbell 1978) . Furthermore, because 
the technique allows for the identification of those variables which 
contribute most to the discriminatory power of the derived functions, 
it is possible to comment on the morphological characteristics which 
contribute most to the discrimination of the groups concerned 
(Tabachnick and Fidell 1983). Thus, discriminant function analysis 
can be used in a descriptive fashion which emphasises the generation, 
rather than the testing, of hypotheses about relationships among 
individuals, populations and variables (Albrecht 1980). In this sense 
the technique is appropriate for use in the present study.
Multivariate analysis assumes certain characteristics in the data 
which, if not satisfied, may have adverse effects when formal 
significance tests are used to indicate a probability level of the 
hypothesised group differences (Corruccini 1975; Campbell 1978; 
Lachenbruch and Goldstein 1979; Tabachnick and Fidell 1983). These 
assumptions are listed and discussed below.
Sample size
There are very few formal statements as to what constitutes a 
sufficiently large sample for the purposes of a multivariate analysis.
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Lachenbruch and Goldstein (1979:70) note that there should be three 
times as many observations as there are parameters to estimate in each 
group. Other commentators are more conservative, generally noting 
that the sample size of the smallest group should exceed the number of 
discriminating variables (McHenry and Corruccini 1975; Wilson 1981). 
There are differing opinions as to the effect of unequal sample sizes 
(cf. McHenry and Corruccini (1975) with Tabachnick and Fidell 
(1983:299)) . If one or more groups have more variables than cases, 
the covariance matrix becomes singular, rendering the assumption of 
homogeneity of the covariance matrices untestable (Tabachnick and 
Fidell 1983:231). This is discussed in more detail below.
Multivariate normality
Opinions vary as to the robustness of multivariate statistics to 
non-normal . distributions. Mardia (1971) has suggested that
distributional irregularities do not adversely influence statistical 
distances, but Vogt and McPherson (1972) disagree. Campbell (1978)
believes that an assumption of multivariate normality is only 
necessary when tests of significance are required. Tabachnick and 
Fidell (1983:300) conservatively recommend that robustness can be 
expected with 20 cases in the smallest group if there are only a few 
discriminating variables; however, if samples are both small and 
unequal in size, assessment of normality becomes a matter of
judgement.
Homogeneity of covariance matrices
The variance-covariance matrix (often simply referred to as the 
covariance matrix) contains the variances of each variable in the main
diagonal, while the off-diagonal elements are the covariances between
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different variables. Covariances are calculated as- the deviation 
between one variable and its mean times the deviation between a second 
variable and its mean, and are therefore similar to correlations 
(Tabachnick and Fidell 1983:19). Heterogeneity or inequality of the 
sample covariance matrices can have a deleterious effect upon the 
performance of a discriminant analysis (Lachenbruch and Goldstein 
1979:79). Campbell (1978:198) states that violation of this 
assumption is more serious than violating the assumption of 
multivariate normality. Unfortunately, tests of group dispersion 
homogeneity are notoriously sensitive, almost always reject the 
hypothesis (Cooley and Lohnes 1971), and are of little help in 
determining when departures from the assumption are damaging (Olson 
1974). Tabachnick and Fidell (1983:300) state that discriminant 
analysis is robust with respect to violation of the homogeneity 
assumption if sample sizes are equal or large, but where these are 
unequal and small, the results of significance testing may be 
misleading if the covariance matrices are unequal. As a guideline for 
testing the assumption, Tabachnick and Fidell (1983:233) suggest that 
when sample sizes are equal, the robustness of the significance tests 
for the computed discriminant functions can be expected regardless of 
the outcome of a test of homogeneity of the covariance matrices, in 
this case Box's M (Box 1949) . However, if sample sizes are unequal 
and Box's M rejects the homogeneity assumption at p < .001, then 
robustness is not guarantied. Campbell (1978:200) states that the 
elimination of variables which are not discriminating between the 
groups will often lead to a marked improvement in the equality of the
covariance structure.
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5.5.1.2 Application to the Present Study
It is clear from this examination of the assumptions underlying 
discriminant analysis that samples should be large, preferably equal 
in size, and contain at least as many cases as there are variables in 
order to optimise the chances of a statistically significant and 
meaningful result. By conforming to these sample characteristics, 
assumptions regarding multivariate normality and homogeneity of the 
covariance matrices will most probably be satisfied.
The four Central Highlands regional samples under consideration do 
not conform to these sample characteristics. Two of the samples 
contain only nine cases each, and the largest sample is at least five 
times this number. Furthermore, the number of variables so far 
examined is far greater than the number of cases in the smallest 
group. Reducing the number of variables via a variety of techniques 
to be discussed below is the only concession to these sampling 
desiderata. While equalising the sample sizes might have been 
indicated, problems relating to the acquisition data and adequate 
sampling are well known in both palaeoanthropology and archaeology, 
and this option is rarely seen as fruitful.
There is a range of ideas prevalent in the biological literature 
concerning the proper use of multivariate statistics. Criticisms of 
the applicability of multivariate analysis to morphometries, based on 
a necessary adherence to the strict requirements of statistical 
theory, ignore its equally valid use as a data-analytic procedure 
designed to ordinate and efficiently describe multivariate 
observations (Albrecht 1980). Corruccini (1975:1) notes that
classic statistics are preoccupied with significance testing, 
and multivariate theory has historically been predominated by 
developments in probability estimation, not in estimation of 
metric relationships (Blackith and Reyment,1971). In
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morphometries, the problem is essentially one of measuring 
similarity in form. Statistics emphasize not the amount of 
difference but its significance, providing a yes-no answer 
about relationships. Much quantitative scientific research 
is heuristic in nature and hopes to derive hypotheses from 
data, while mathematical statistics almost wholly emphasize 
hypothesis-testing rather than formulation (Tukey,1962; 
Dempster,1971; Jardine and Sibson,1971). Thus statistical 
and biological classification are different in their basic 
aims and assumptions (Parks,1970), and the relevance of least 
squares theory and hypothetical distributions to the theory 
and data of evolution may be questioned.
This is not to imply that we can completely do away with the need 
to satisfy underlying assumptions and ignore the statistical 
significance of the results of any multivariate procedure. In much of 
statistics, however, the basic problem is making some kind of sense 
out of the numbers, and hypothesis testing may or may not play an 
integral part in doing this (Campbell 1978:197) .
In essence, it becomes a matter of balancing the need for correct 
application of the multivariate model so that the statistical 
significance of the results - can be accurately (and therefore 
'objectively') assessed, with the desire to explore the data for 
structure and meaning. An example of the former is the use of 
discriminant analysis in the formulation of a multivariate 'rule' for 
the identification of sex. In this case, the effectiveness of the 
rule must be assessed before it can be applied. On the other hand, if 
the procedure is simply being used to explore a data set so as to 
provide some basic observations on informational content and 
population differences, then perhaps strict adherence to the 
assumptions underlying the procedure is not as important. "The 
statistical techniques do not themselves have biological judgement and 
are no substitute for biological insight" (Corruccini 1975:1, citing
Robinson 1967) .
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In keeping with the exploratory nature of the present study, I 
have conducted three separate discriminant analyses which place 
varying degrees of emphasis on data exploration and the achievement of 
statistically significant results. The rationale behind each of these 
'multivariate experiments' and their results are presented below under 
the headings Analysis One, Analysis Two and Analysis Three. The 
analyses are differentiated by the methods used in each for reducing 
the number of variables.
Variable reduction is an important consideration in multivariate 
statistics. The probability of a significant result is seriously 
affected when variables which do not contain information about group 
differences are used in a 'shotgun approach' (Kowalski 1972:121). 
Eliminating variables which are not discriminating between groups 
often leads to a marked improvement in the equality of the group 
covariance structure (Campbell 1978:200). Furthermore, Thorpe (1985) 
has shown that with an initially large number of variables (71 in his 
case) , as few as 8 (or 11%) are required to establish at least 90% 
confidence in revealing underlying patterns of morphological 
variation. Van Vark (1976:104-106) has arrived at similar conclusions 
regarding the addition of successively greater numbers of variables 
and their effect on the discriminatory power of a test discriminant 
analysis.
5.5.1.3 Analysis One
This analysis is the most exploratory of the three and pays scant 
regard to the assumptions of multivariate normality and equality of 
the group covariance matrices. It is based on the stepwise option 
MAHAL available within the SPSS/PC+ program DSCRIMINANT which uses the
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Mahalanobis distance (D2) as the criterion for variable selection 
(Norusis and SPSS Inc. 198 8b: Bl-3 9) . Mahalanobis D2 is a generalised 
distance measure which takes into account the intercorrelations 
between variables. After the Mahalanobis distances between all pairs 
of groups are calculated, the variable that has the largest D2 for the 
two groups that are closest (has the smallest D2 initially) is 
selected for inclusion. This type of stepwise procedure results in an 
optimal set of variables being selected (Nie et al. 1975:448).
A variable was considered for selection before evaluation under 
the MAHAL criterion only if its partial multivariate F ratio was 
larger than a specified value (called F-to-enter) , in this case 
liberally set at 1. The partial F ratio measures the discrimination 
introduced by the variable after taking into account the 
discrimination achieved by the other selected variables (Nie et al. 
1975:448). If the partial F is too small, the variable was excluded, 
regardless of its value on the MAHAL criterion. In addition, 
variables were tested for removal from the procedure on the basis of 
their partial multivariate F, which had to be smaller than a specified 
value (F-to-remove) for removal to occur. F-to-remove was also set at 
1.
Analysis One was conducted in two phases, here referred to as 
Stages 1 and 2. Stage 1 was performed to select an optimal set of 
discriminating variables. This reduced set was then entered into a 
second discriminant run.
Stage 1 Thirty-five chord variables were entered into a stepwise 
analysis. Angles and indices were excluded because they are summary 
measures of a number of the original chord variables used in the 
analysis and their inclusion would result in the incorporation of 
redundant information, the very feature that is being minimised by
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this analysis. Twenty variables were selected by Stage 1 for 
inclusion in the analysis: maximum bi-parietal breadth, minimum 
postorbital breadth, nasion-bregma, metopion height, nasion-metopion, 
lambda-bregma, lambda-asterion, basion-lambda, foramen magnum breadth, 
bi-zygion, nasal breadth, cheek height, orbital height, orbital 
breadth, bi-maxillofrontale, alveolar breadth, basion-nasospinale, 
basion-prosthion and nasospinale-prosthion.
The only cases that can be included in a discriminant analysis are 
those with valid observations for all of the variables initially 
entered as discriminators. Cases with missing values for at least one 
variable are excluded. This normally results in a subset of the 
original sample being used to develop the discriminant rule, for it is 
rare to find all cases in a sample having valid observations for all 
variables.
To ensure that the subset of cases selected for each regional 
sample is an accurate reflection of its parent sample with regard to 
variable means and distributions, the means for each regional subset 
derived by the discriminant analysis were compared by inspection with 
the original parent sample means for all variables. Furthermore, the 
univariate F ratios and their significance levels were also computed 
for the regional subset samples for all variables and these values 
compared with the F ratios already derived for the parent samples.
The inclusion of all 35 chord variables in Stage 1 resulted in 40 
of the possible total of 93 cases being excluded due to missing 
values. The parent-subset sample checking procedure indicated that 
the regional subsets were accurate reflections of their parent samples 
on the basis of both comparable variable means and F ratios.
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Stage 2 The 20 variables selected in Stage 1 were directly 
entered into a second discriminant run, this time ignoring the 
stepwise procedures. The total number of cases was reduced from 93 to 
57. The regional sample with the smallest number of cases is Erave 
(4), followed by Mariko (7), Nebilyer-Kaugel (16) and Chimbu Gorge 
(30). The parent-subset regional sample checking procedure again 
indicated comparable variable means and F ratios.
The number of variables entered into Stage 2 exceeds the number of 
cases for three of the four samples, resulting in singular group 
covariance matrices for those three samples (Tabachnick and Fidell 
1983:231). Singularity renders the inversion of covariance matrices 
unreliable and prevents their individual inclusion within Box's M test 
(refer to Section 5.5.1.1).
The number of functions computed by a discriminant analysis is 
equal to either the number of variables or one less than the number of 
groups, whichever is smaller. The significance of these functions is 
assessed using Wilk's lambda (Norusis and SPSS Inc.'1988b:B-28). In a 
three or more group discriminant analysis, Wilk's lambda is calculated 
as the product of the univariate Wilk's lambda for each function. 
Univariate lambda is simply the ratio of the within-groups sum of 
squares to the total sum of squares (Norusis and SPSS Inc. 1988b:B5). 
When two or more functions are produced, the value of Wilk's lambda 
and its significance value (assessed using a chi-square 
transformation) for each function is an indication of the significance 
of the function after all previous functions have been removed. The 
three functions computed by Stage 2 are given in Table 23. The first 
two functions are both significant (p = .0000) and when combined
account for 90.2% of the total variance.
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Table 23. Summary statistics for the performance of the discriminant 
functions produced by Analysis One, Central Highlands Division 
discriminant analysis
% of C a n o n i c a l W i l k ' s
F u n c t i o n E i g e n v a l u e V a r i a n c e C o r r e l a t i o n L a m b d a C h i 2 d . f . P
1 4.2775 56.02 .9003 .0300 154.26 60 .0000
2 2.6 0 9 2 34.17 .8503 .1584 81.07 38 .0001
3 .7490 9.81 . 6544 .5718 24.60 18 .1364
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The interpretation of discriminant functions and the patterns of 
group separation that can be derived from them has traditionally been 
based on inspection of the standardised canonical discriminant 
function coefficients. However, both Howells (1972a, 1973) and
Corruccini (1984) argue that this is misleading and that it is better 
to examine the across-groups (not pooled within-groups) correlation 
coefficients between the discriminating variables and the discriminant 
functions themselves to interpret the meaning of group separation. 
The calculation of these coefficients is straightforward: for each
case the scores for each of the discriminant functions under 
consideration are computed, then the Pearson correlation coefficients 
between the function scores and the individual discriminating 
variables are computed across a combined sample of all groups. The 
across-groups correlations for functions 1 and 2 are given in Table 
24 .
There is no consensus regarding how high a correlation value needs 
to be before a variable can be considered as significantly 
contributing to group separation on any one function (Tabachnick and 
Fidell 1983:321). Comrey (1973) suggests that loadings in excess of 
.71 are excellent, .63 very good, .55 good, .45 fair and .32 poor. An 
alternative might be simply to use the significance levels of 
Pearson's r as an indication of significant contribution. Generally 
speaking, the greater the correlation between a variable and a 
function, the more that variable is a pure measure of the function.
Using the significance of Pearson's r and the Comrey criteria as a 
guide, lambda-bregma is the variable best correlated with function 1, 
although cheek height performs almost as well for the same function. 
However, neither of these two variables can be considered as single 
major contributors to group separation on function 1, particularly
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Table 24. Across-groupa correlations between discriminating variables 
and discriminant functions 1 and 2, Analysis One, Central 
Highlands Division discriminant analysis
Variable
Maximum bi-parietal breadth
Minimum postorbital breadth
Nasion-bregma
Metopion height
Nasion-metopion
Lambda-bregma
Lambda-asterion
Lambda-inion
Basion-lambda
Foramen magnum breadth
Bi-zygion
Nasal breadth
Cheek height
Orbital height
Orbital breadth
Bi-maxillofrontale
Alveolar breadth
Basion-nasospinale
Basion-prosthion
Nasospinale-prosthion
Number of cases: 57
Across-groups
correlations
Function 1 Function 2
-.0388 .1798
-.1061 .0561
.0562 -.2229
.1942 .3508'
-.2601 -.1731
.4203** -.2428
.1721 .0631
.2016 .0511
.2136 -.1069
.2344 .1516
-.0715 -.2370
.1665 . 443 6
-.3897* -. 3132
-.0262 .0381
.0438 -.1938
.1969 -.1157
-.0216 . 0001
.3419* -.5278
.1245 -.1420
-.3283* .0381
01 ** p < .001
with basion-nasospinale and nasospinale-prosthion also registering 
significant levels of correlation (p < .01) with the function. The 
correlation coefficients on function 2 are more definite in 
identifying both basion-nasospinale and nasal breadth as the major 
variables responsible for group separation, although a further two 
variables, metopion height and cheek height, are again significant for 
the function. Quite a few variables contribute to group separation 
based on a combination of the two functions, although the correlations 
are generally weak.
A plot of the canonical discriminant function scores for all cases 
and the group centroids (multivariate group means) is given in Figure 
14. All four regional samples appear to cluster distinctly with 
little indication of overlap. Mariko is particularly differentiated 
on the basis of function 2, which, as was shown earlier, correlates 
best with variation in basion-nasospinale length and nasal breadth. 
Chimbu Gorge and Nebilyer-Kaugel are maximally separated on function 
1, indicating group separation on the basis of differences in lambda- 
bregma length and cheek height.
As a general interpretation, Mariko is distinguished from the 
other three regional samples by virtue of its greater degree of facial 
prognathism and greater nasal breadth, and to a lesser extent its 
greater frontal curvature. Chimbu Gorge and Nebilyer-Kaugel are 
somewhat less clearly separated on the basis of the former's higher 
cheeks and flatter parietals. Assigning the direction of regional 
differences for each of the variables indicated as the major 
discriminators is based on a direct examination of the regional 
variable means (Tables 9 to 12). These differences can also be 
interpreted by examination of the arithmetic signs of the correlation
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values from Table 24.
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Figure 14. Plot of canonical discriminant function scores for all 
cases and the group centroids, Analysis One, Central Highlands 
Division discriminant analysis
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An almost identical suite of morphological features was identified 
in the univariate statistical analyses as primarily differentiating 
Mariko from the other three regions.
The group classification results (Table 25) indicate that Analysis 
One has been extremely successful in differentiating the four regional 
samples, correctly classifying 100% of the available cases. This 
confirms an initial impression of regional heterogeneity that is 
derived from Figure 14. However, it is worth noting that for this 
particular analysis, 20 variables are required to achieve the pattern; 
there is little control over the variable selection procedure; and no 
regard has been payed to the underlying statistical assumptions 
relevant to the procedure.
4
5.5.1.4 Analysis Two
This analysis employs the same basic method as Analysis One: an
initial stepwise procedure which reduces the variable list to an 
optimal set of discriminators, then direct entry of the reduced 
variable list into a second discriminant analysis. Analysis Two 
differs, however, in its more conservative approach to setting the 
statistical criteria for initial variable selection. Specifically, 
the F-to-enter and F-to-remove criteria are replaced with pin and 
pout, or the probabilities of F-to-enter and F-to-remove respectively. 
F and the probability of F are not necessarily equivalent, since a 
fixed F value has different significance levels depending on the 
number of variables in the model at any one step (Norusis and SPSS 
Inc. 1988b:B18). In using pin and pout, a variable was considered for 
selection before evaluation under the MAHAL criterion only if the 
significance of its partial F ratio was less than a specified value
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Table 25. Group classification results, Analysis One, Central 
Highlands Division discriminant analysis
Predicted group membership
Actual group n MA CG NK ER
Mariko 7 7 0 0 0
1001 0 0 0
Chimbu Gorge 30 0 30 0 0
0 100 0 0
Nebilyer-Kaugel 16 0 0 16 0
0 0 100 0
Erave 4 0 0 0 4
0 0 0 100
Percent of grouped cases correctly classified: 100%
1 Numbers in italics are percentages.
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(pin), in this case conservatively set at .05. Similarly, variables 
were tested for removal from the stepwise model based on the 
significance of their partial F ratio, which had to be greater than a 
specified value (pout) for removal to occur. Pout was also
conservatively set at .05.
Stage 1 Thirty-five chord variables were entered into the
stepwise analysis. Only five variables were selected for inclusion: 
glabella-opisthocranion, nasal breadth, cheek height, basion- 
nasospinale and basion-prosthion. Missing values reduced the number 
of cases from 93 to 53; the parent-subset regional sample checking 
procedure indicated that the regional subsets were very similar to 
their parent samples on the basis of their variable means and 
univariate F ratios.
Stage 2 The five variables selected in stage 1 were directly 
entered into a second discriminant analysis. Cases excluded due to 
missing values reduced the total sample size from 93 to 77. The
parent-subset regional sample checking procedure again verified the 
regional subset samples.
The samples were all left with a greater number of cases than 
variables (Mariko 8; Chimbu Gorge 44; Nebilyer-Kaugel 19; Erave 6), so 
it was possible to assess the homogeneity of the covariance matrices 
using Box's M. The value of the associated F ratio was not
significant (p = .5366) and it is reasonable to assume that the
dispersion of the group covariance matrices is equivalent.
One of the five variables, nasal breadth, displays a significant 
deviation from the normal distribution for the Chimbu Gorge sample 
based on the Shapiro-Wilk statistic (Table 10) . On the strength of
previous statements concerning the robustness of discriminant analysis
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to violations of the multivariate normality assumption, nasal breadth 
was maintained in the analysis.
The three discriminant functions computed by the analysis are 
given in Table 26. The first two functions are both significant (p < 
.0001) and combined account for 93.2% of the total variance.
The interpretation of the discriminant functions is again based on 
the across-groups correlations between the discriminating variables 
and the discriminant functions (Table 27) . The variables most highly 
correlated with function 1 are glabella-opisthocranion and basion- 
nasospinale, indicating that the morphological features contributing 
most to group separation on the function are vault length and facial 
prognathism. Function 2 correlates best with cheek height and, to a 
lesser extent, nasal breadth.
A plot of the canonical discriminant function scores for all cases 
and the group centroids is given in Figure 15. There is an obvious 
degree of overlap in the dispersion of the individual group cases. 
The adjacent positions of the group centroids for Chimbu Gorge and 
Erave on both functions indicate a particularly strong similarity 
between these two regions for all of the morphological features 
identified by the across-groups correlations as significant. Mariko 
and Nebilyer-Kaugel are the two most disparate groups, primarily on 
the basis of function 1 which accounts for the major component (69.6%, 
Table 26) of group separation. Chimbu Gorge and Erave achieve 
intermediate positions on this function.
As a general interpretation of the plot, Mariko is distinguished 
by smaller vault length and greater facial prognathism, Nebilyer- 
Kaugel primarily by greater vault length. Chimbu Gorge (and Erave by 
virtue of its close association) is distinguished on the basis of
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Table 26. Summary statistics for the performance of the discriminant 
functions produced by Analysis Two, Central Highlands Division 
discriminant analysis
% of C a n o n i c a l W i l k ' s
F u n c t i o n E i g e n v a l u e V a r i a n c e C o r r e l a t i o n L a m b d a C h i 2 d . f . P
1 1.1 5 0 6 69.65 .7314 .3010 85.85 15 .0000
2 .3892 23.56 .5293 . 6473 31.10 8 .0001
3 .1121 6.79 .3175 .8992 7.60 3 .0551
Table 27. Across-groups correlations between discriminating variables 
and discriminant functions 1 and 2, Analysis Two, Central 
Highlands Division discriminant analysis
Across-groups
correlations
Variable Function 1 Function 2
Glabella-opisthocranion .7006** -.2539
Nasal breadth -.2608 -.4557**
Cheek height -.0906 .7339**
Basion-nasospinale . 6605** .0709
Basion-prosthion .1370 -.0742
Number of cases: 77 * . /N 1 ★ *p < .01 p < .001
18 0
Table 15. Plot of canonical discriminant function scores for all cases 
and the group centroids, Analysis Two, Central Highlands 
Division discriminant analysis
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greater cheek height from both Mariko and Nebilyer-Kaugel. These 
observations axe again derived via a direct inspection of the regional 
means for these variables (Tables 9 to 12) and by examination of the 
signs of the correlation values from Table 29.
The group classification results (Table 28) indicate that Analysis 
Two has not been as successful as Analysis One in differentiating the 
four regions, with a success rate of 74%. Mariko is misclassif ied 
once (12%) , the individual being grouped within the Chimbu Gorge 
sample. Misclassifications for Chimbu Gorge (16%) are fairly evenly 
spread throughout the other three regions, whereas both Nebilyer- 
Kaugel and Erave are, like Mariko, only misclassified with Chimbu 
Gorge (32% and 100% respectively). These results accurately reflect 
the interpretation of the canonical plot in identifying Mariko as a 
separate group which has its only affiliation (albeit slight) with 
Chimbu Gorge. The very close similarity of Erave to Chimbu Gorge is 
also indicated, as is a relative similarity between these two regions 
and Nebilyer-Kaugel.
The general conclusion to be drawn from the results of Analysis 
Two is that the Division is relatively homogeneous, with only five 
variables contributing significantly to a pattern of regional 
variation that separates Mariko from the remainder, primarily on the 
basis of its greater degree of facial prognathism. It shares a minor 
degree of similarity with the geographically neighbouring Chimbu Gorge 
but is well separated from the more western regions. Although 
Nebilyer-Kaugel can be identified by its greater vault length, on the 
basis of the classification results it falls within a generally 
homogeneous subset of the Division which contains Chimbu Gorge,
Nebilyer-Kaugel and Erave.
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Table 28. Group classification results, Analysis Two, Central 
Highlands Division discriminant analysis
Predicted group membership
Actual group n MA CG NK ER
Mariko 8 7 1 0 0
8 7 . 51 12.5 0 0
Chimbu Gorge 44 2 37 4 1
4.5 84.1 9.1 2.3
Nebilyer-Kaugel 19 0 6 13 0
0 31.6 68.4 0
Erave 6 0 6 0 0
0 100 0 0
Percent of grouped cases correctly classified: 74.03%
1 Numbers in italics are percentages.
183
5.5.1.5 Analysis Three
The design of Analysis Three is similar to that of Analysis Two in 
that it also uses the more statistically conservative criteria of pin 
and pout values set at .05 to control the stepwise selection procedure 
of Stage 1. It differs, however, in the variables initially selected 
for entry in Stage 1: only those variables with significant F values 
on the basis of the anova described in Section 5.4 are chosen. This 
is a logical step in the variable reduction procedure, for it excludes 
those variables that do not contribute significantly to group 
separation in univariate fashion. Reducing the number of variables 
initially entered into the analysis also has an added advantage in 
that it reduces the chances of a case being excluded from 
consideration due to missing values over a large number of variables.
Stage 1 The eleven variables significant for F in the anova were 
entered into the stepwise analysis. Only seven variables were 
selected for inclusion: glabella-opisthocranion, nasion-metopion, 
parietal subtense height, nasal breadth, cheek height, nasofrontal 
articulation and basion-nasion. Missing values reduced the number of 
cases from 93 to 85; the parent-subset regional sample checking 
procedure indicated that the regional subsets were almost identical to 
their parent samples on the basis of their variable means and F 
ratios.
Stage 2 The seven variables selected in Stage 1 were directly 
entered into a second discriminant analysis. The same eight cases 
excluded due to missing values in stage 1 were excluded in Stage 2. 
All of the regional samples were left with a greater number of cases 
than variables (Mariko 8; Chimbu Gorge 46; Nebilyer-Kaugel 23; Erave 
8) . The F ratio associated with Box's M was significant (p = .0057), 
indicating unequal levels of dispersion in the group covariance
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matrices. According to Tabachnick and Fidell (1983:233), such a 
significance level for Box's M should not adversely affect the 
performance of the discriminant analysis, even though the sample sizes 
are unequal.
Nasal breadth is again selected as a discriminating variable and, 
although significantly non-normal in its univariate distribution for 
Chimbu Gorge, will remain in the analysis for the reasons discussed in 
Analysis Two.
The three discriminant functions computed by Analysis Three are 
presented in Table 29. The first two functions are both significant 
(p = .0000) and combined account for 82.1% of the total variance.
The across-groups correlations between the discriminant functions 
and the variables (Table 30) indicate that glabella-opisthocranion, 
parietal subtense height and basion-nasion are the variables most 
highly correlated with function 1, whereas cheek height and to *a 
lesser extent nasion-metopion, nasofrontal articulation and nasal 
breadth are the variables correlating best with function 2. The 
correlation values for these two sets of variables indicate that they 
are the primary contributors to group discrimination on their 
respective functions.
A plot of the canonical discriminant function scores for all cases 
and the group centroids is given in Figure 16. Although there appears 
to be some degree of overlap in the dispersions of the individual 
group cases, Mariko is again distinguished from the remaining three 
regional samples by the relative positions of the group centroids.
No one particular region is distinguished by function 1, even 
though it accounts for the major component of group separation (53% of 
the total variance; Table 29). The horizontally equidistant
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Table 29. Summary statistics for the performance of the discriminant 
functions produced by Analysis Three, Central Highlands 
Division discriminant analysis
Function Eigenvalue
% of
Variance
Canonical
Correlation
Wille' a 
Lambda Chi2 d.f. P
1 1.0237 53.30 .7112 .2613 105.35 21 .0000
2 .5141 28.77 .5827 .5288 50.01 12 .0000
3 .2489 13.93 .4464 .8007 17.45 5 .0037
Table 30. Across-groups correlations between discriminating variables 
and discriminant functions 1 and 2, Analysis Three, Central 
Highlands Division discriminant analysis
Across-groups
correlations
Variable Function 1 Function 2
Glabella-opisthocranion . 6745** -.1128
Nasion-metopion -.1712 . 4450**
Parietal subtense height .5315** -.1030
Nasal breadth -.2916* -.3880**
Cheek height -.2369 . 6727**
Nasofrontal articulation .1496 .4146**
Basion-nasion .6755** .2840*
Number of cases: 85 * p < .01 ** p < .001
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Figure 16. Plot of canonical discriminant function scores for all 
cases and the group centroids, Analysis Three, Central
Highlands Division discriminant analysis
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arrangement of the four samples indicates a regular rate of change 
from east to west in the variables that are best correlated with this 
function. The fact that the positions of Nebilyer-Kaugel and Erave 
are the reverse of their geographical ones reflects both the 
absolutely longer vaults of Nebilyer-Kaugel and the great similarity 
of Erave to its two nearer eastern neighbours. The function generally 
indicates a steady increase in both vault length (glabella- 
opisthocranion) and parietal curvature (parietal subtense height) and 
a steady decrease in facial projection (basion-nasion) from east to 
west. These observations are derived directly from inspection of the 
original variable means (Tables 9 to 12) and the signs of the across- 
groups correlations (Table 30) .
Function 2 is responsible for the separation of Mariko from the 
rest of the Division. The across-groups correlations indicate that 
this is the result of variation in frontal curvature (nasion- 
metopion) , cheek height and aspects of nasal breadth (specifically 
nasal breadth and nasofrontal articulation). Inspection of the 
regional mean values (Tables 9 to 12) and the signs of the across- 
groups correlations for these variables (Table 30) indicates that, on 
the basis of function 2, Mariko is distinguished by its greater degree 
of frontal curvature and greater nasal breadth. Chimbu Gorge is 
distinguished by its greater cheek height, although only marginally so 
when compared with Nebilyer-Kaugel and Erave.
The group classification results (Table 31) indicate that Analysis 
Three has been slightly more successful than Analysis Two in 
differentiating the four Central Highlands regional samples, with an 
overall success rate of 78.8%. Mariko is misclassified in 37.5% of 
cases, these all being within Chimbu Gorge. Chimbu Gorge is the only 
regional sample to be misclassified with Mariko, but in only 2.2% of
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Table 31. Group classification results, Analysis Three, Central 
Highlands Division discriminant analysis
Predicted group membership
Actual group n MA CG NK ER
Mariko 8 5 3 0 0
6 2.5 1 37.5 0 0
Chimbu Gorge 46 1 39 5 1
2.2 84.8 10.9 2.2
Nebilyer-Kaugel 23 0 4 19 0
0 17.4 82.6 0
Erave 8 0 3 1 4
0 37.5 12.5 50.0
Percent of grouped cases correctly classified: 78.82%
1 Numbers in italics are precentages.
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cases. Other misclassifications for Chimbu Gorge are with Nebilyer- 
Kaugel (10.9%) and Erave (2.2%). Nebilyer-Kaugel is only 
misclassified with Chimbu Gorge (17.4%), whereas Erave is 
misclassified with both Chimbu Gorge (37.5%) and Nebilyer-Kaugel 
(12.5%) .
In summary, the results of Analysis Three indicate that the 
Central Highlands Division is relatively homogeneous. Seven variables 
contribute to a pattern of regional variation that marginally 
separates Mariko on the basis of a suite of morphological features 
relating to facial prognathism, frontal curvature and nasal breadth, 
although in this particular analysis it is the latter two features 
which are the primary discriminators. Facial prognathism, vault 
length and parietal curvature are all seen to vary throughout the 
Division in a geographically regular pattern, showing clinal 
differences from east to west. The classification results indicate a 
general level of similarity between Mariko and Chimbu Gorge, while 
Chimbu Gorge, Nebilyer-Kaugel and Erave are more similar to each other 
than any is to Mariko.
5.5.1.6 Summary
The results of Analyses One, Two and Three differ at a number of 
levels. These differences can be summarised in the following points:
1. Analysis One shows a clear pattern of regional heterogeneity, 
whereas Analyses Two and Three suggest relative homogeneity throughout 
the Division.
2. Although all three analyses agree in differentiating Mariko
from the rest of the Division, there are differences in the degree to
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which this differentiation occurs. Analysis One results in an 
absolute separation of Mariko, while Analyses Two and Three suggest 
that Mariko is in some ways not too dissimilar from Chimbu Gorge and 
that its separation is due to a greater degree of homogeneity between 
the three regions to the west.
3. Analysis One indicates that the primary morphological features 
partitioning the Division are facial prognathism and nasal breadth, 
whereas Analysis Two suggests that vault length and facial prognathism 
are the major contributors. Analysis Three provides a third 
alternative by indicating nasal breadth and frontal curvature as the 
primary features, with variation in facial prognathism rating as a 
secondary discriminator that varies in a geographically regular 
fashion, as does variation in vault length and parietal curvature.
It is clear that the results of Analysis One are out of step with 
the more parallel conclusions drawn from Analyses Two and Three, 
especially with regard to the overall patterns of regional variation 
that each has produced. This is not surprising, given the quite 
liberal method of Analysis One and the statistically more conservative 
approaches used in Analyses Two and Three. If the results of the 
anova are used as a baseline for comparison, all three discriminant 
analyses have been successful in identifying the same basic set of 
morphological features as significantly variable throughout the 
Division. The exploratory approach of Analysis One has in this sense 
been quite useful. The fact that it has resulted in 100% 
discrimination of the four regions is simply a function of the relaxed 
attitude to its multivariate design; after all, the whole purpose of 
discriminant function analysis is to maximally separate the defined 
groups on the basis of a set of predictor variables. In this case,
total discrimination was certainly achieved (indicating a successful
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result) but only after a complex array of 20 measurements was allowed 
to enter an analysis based on fairly liberal statistical criteria. It 
may therefore be misleading to place too much emphasis on the pattern 
of regional variation indicated by the canonical plot of Analysis One.
On the other hand, Analyses Two and Three were designed to 
eliminate redundant variables and to produce a subset of 
discriminators that accurately reflect significant morphological 
components of regional variation. Given the fairly rigid statistical 
criteria that were used in the two analyses to control the selection 
of variables, it is satisfying to note that the same basic set of 
morphological features were identified in all three discriminant 
procedures. However, the statistically conservative approaches used 
in the designs of Analyses Two and Three mean that we can be more 
confident of their results and interpret the almost identical patterns 
of regional variation produced by each as accurate reflections of a 
real regional pattern existing within the Central Highlands Division. 
Their illustration of general regional homogeneity with an underlying 
subpattern of internal distinctions correlates much better with the 
results of the anova than does Analysis One.
The primary reason for conducting both Analyses Two and Three was 
to investigate the degree of comparability in their results. This was 
done with a view to developing an analysis design that enables the 
maximum number of original cases to be entered by reducing the number 
of variables originally used, while at the same time ensuring that 
variables which were originally eliminated are not themselves possibly 
significant contributors to a multivariate pattern of regional 
variation. The fact that Stage 1 of Analyses Two and Three resulted 
in an almost identical subset of the original 35 chord variables can 
be taken to indicate that basing the initial variable selection
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procedure on the results of the anova is a valid technique that does 
not result in information loss. The design of Analysis Three will 
therefore be used extensively throughout the remainder of the present 
study.
5.5.2 Cluster Analysis 
5.5.2.1 Method
Cluster analysis refers to the process of computing similarities 
or distances between objects over a number of variables simultaneously 
and constructing a classificatory scheme. The results are usually 
presented as dendrograms, or tree diagrams, as an aid in the visual 
assessment of the degree of similarity between samples and for the 
comparison of levels of similarity linking other samples. A detailed 
introduction to the theory and method of cluster analysis can be found 
in Spath (1980) .
The primary goal is to establish homogeneous groups or subsets 
within the available population. First, an appropriate distance 
measure (a measure of similarity or dissimilarity) must be computed. 
I have chosen to use the squared Euclidean distance (the sum of the 
squared distances over all of the variables) , primarily because it is 
the distance measure most commonly used (Norusis and SPSS Inc. 
1988b:B82).
The next step is to choose one of the many methods available for 
the combination of cases into clusters on the basis of their distance 
measures. For this analysis I have chosen to use an agglomerative 
hierarchical clustering algorithm called average linkage within
groups. This technique combines clusters so that the average distance
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between all cases in the resulting cluster is as small as possible. 
The distance between two clusters is therefore taken to be the average 
between all possible pairs of cases in the cluster.
I have used the scores of the four regional group centroids for 
functions 1 and 2 from Analysis Three as the 'raw' data from which the 
squared Euclidean distances are calculated. As discussed in Section 
5.5.1, these functions are orthogonal, weighted linear combinations of 
the raw metric chord variables, and as such are efficient summary 
estimators of 82.1% of the total morphological pattern of variability, 
transformed (in this case) into a two dimensional space. Following 
Relethford and Lees (1982:119), such transformed scores may then be 
used for the calculation of additional statistical procedures.
The cluster analysis was performed using the SPSS/PC+ procedure 
CLUSTER (Norusis and SPSS Inc. 1988b:B71-89). It should be noted that 
the dendrogram produced by the procedure does not plot actual 
distances on the horizontal scale. Rather, the distances are rescaled 
to numbers between 0 and 25. However, the ratio of group distances 
within the total cluster is preserved (Norusis and SPSS Inc. 
1988b:B78).
5.5.2.2 Results
The results of the cluster analysis are illustrated by the 
dendrogram in Figure 17. Mariko is well separated from the rest of 
the Division by the first branch of the dendrogram. Nebilyer-Kaugel 
can also be distinguished from the remaining two regions, Chimbu Gorge 
and Erave, these latter two showing high degree of similarity in their
morphological pattern.
194
Figure 17. Central Highlands Division regional relationships based on 
a cluster analysis of the four group centroid discriminant 
scores for functions 1 and 2, Analysis Three
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5.6 Summary of Univariate and Multivariate Analyses
To conclude this chapter, a number of summary observations can be 
made concerning the nature and pattern of craniometric morphological 
variation within the Central Highlands Division.
1. The Central Highlands Division is homogeneous for most aspects 
of vault and facial morphology. The only morphological features 
significantly variable throughout the Division relate to vault length, 
sagittal vault curvature and facial (subnasal) prognathism.
2. The results of both the anova and the discriminant procedure of 
Analysis Three indicate clinal variation in both the degree of 
subnasal prognathism (decreasing from east to west) and the degree of 
parietal curvature (increasing for east to west).
3. Mariko is distinguished from the other three regions within the 
Division primarily on the basis of greater subnasal prognathism and 
greater frontal curvature. These features were identified in both the 
anova and the discriminant analyses as the major discriminators 
differentiating this region.
4. Chimbu Gorge is intermediate to the other three regions for 
most aspects of vault and facial morphology. It is distinguished only 
on the basis of greater cheek height.
5. Nebilyer-Kaugel is differentiated primarily on the basis of 
greater vault length. This feature was identified in the both the 
anova and Analysis Two of the discriminant investigation as a 
morphological marker for this region. Apart from this single feature, 
however, the region is generally similar to both Chimbu Gorge and
Erave.
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6. Erave was identified in the anova as having a morphological 
pattern almost identical to Nebilyer-Kaugel. This observation is 
somewhat modified by the results of the discriminant analyses, and the 
region can now be characterised as being similar to both Nebilyer- 
Kaugel and Chimbu Gorge for almost all vault and facial features.
7. The results of discriminant Analyses Two and Three indicate 
that although the Division is generally homogeneous, there is an 
underlying pattern of internal distinctions which separates Mariko in 
the east from the other regions in the west. This pattern is best 
represented by the results of the cluster analysis: Mariko is 
identified as the most divergent region within the Division, well 
removed from the other three. Although Nebilyer-Kaugel is somewhat 
removed from Chimbu Gorge and Erave, presumably on the basis of its 
greater vault length, its degree of separation from these latter 
regions is minor compared to the primary separation of Mariko which is 
three times as distant.
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CHAPTER 6
REGIONAL VARIATION IN PAPUA NEW GUINEA: STATISTICAL
ANALYSES
6.1 Introduction
In this chapter I present the results of a series of analyses 
investigating cranial variation throughout mainland Papua New Guinea, 
involving 16 regional samples from a range of human populations living 
in diverse geographical and cultural environments. The purpose of 
these analyses is twofold. Firstly, they provide a comparative 
framework against which the results of the Central Highlands Division 
analyses can be assessed. ' Secondly, they enable some comment on the 
biological relationships of the human populations represented by the 
16 regional samples used. The samples are described in Chapter Three 
and set out in Table 5.
Chapter Six is divided into three sections. Section 6.2 is a 
brief investigation of regional variation in each of the three non- 
Highlands Divisions: North Coast-Lowland, Highlands Fringe and South 
Coast-Lowland. The univariate and multivariate procedures used are 
those already applied to the Central Highlands Division discussed in 
Chapter 5.
Section 6.3 combines the three Divisions of Section 6.2 in a 
general investigation of population variability throughout the non- 
Highlands areas of Papua New Guinea. The goal is essentially to 
compare the level of regional variation identified in Chapter Five for
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the Central Highlands Division against that described for the other 
three Divisions combined, and to search for patterns of regional 
variation within the latter.
Section 6.4 extends the analyses of Section 6.3 by comparing all 
four Divisions simultaneously in a series of statistical 'experiments' 
designed to elucidate patterns of population variation and 
relationship throughout the mainland as a whole. This section also 
contains an investigation of the relative contributions of size and 
shape to the determination of the morphological pattern.
6.2 Non-Highlands Divisional Analyses
6.2.1 North Coast-Lowland Division
Summary statistics for each of the six North Coast-Lowland regions 
(Buang Mountains [BM], Upper Markham Valley [MV], Finschhafen Coast 
[FC] , Astrolabe Bay [AB], Upper Sepik River [SR] and Wutung [WU]) are 
given in Tables 32 to 37 respectively.
6.2.1.1 Univariate Analysis of Variance
The anova results for each of the 47 chord, angle and index 
variables are presented in Tables 38 and 39. Underlying assumptions 
(normally distributed variables with equality of variance) were 
assessed using the Shapiro-Wilk statistic (Tables 32 to 37) and the
Bartlett-Box F statistic (Table 38).
199
Table 32. Descriptive statistics for the Buang Mountains regional 
sample. All chord measurements are given in mm, angles in 
degrees
Glabella-opisthocranion 27 
Maximum bi-parietal br. 26 
Bi-auriculare 27 
Basion-bregma 27 
Maximum supraorbital br. 27 
Minimum postorbital br. 27 
Nasion-bregma 27 
Metopion height 27 
Nasion-metopion 27 
Glabella prominence 27 
Lambda-bregma 27 
Parietal subtense ht. 27 
Bregma-parietal subtense 27 
Mastoid length 27 
Lambda-asterion 27 
Lambda-inion 27 
Basion-lambda 27 
Auriculare-basion 27 
Foramen magnum length 26 
Foramen magnum breadth 27 
Nasion-prosthion 24 
Bi-zygion 26 
Nasion-nasospinale 26 
Nasal breadth 27 
Cheek height 27 
Orbital height 27 
Orbital breadth 27 
Bi-maxillofrontale 27 
Nasofrontal articulation 26 
Alveolar length 25 
Alveolar breadth 25 
Basion-nasion 27 
Basion-nasospinale 26 
Basion-prosthion 24 
Nasospinale-prosthion 23 
Prosthion angle 24 
Nasospinale angle 26 
Subnasal angle 23 
Cranial module 26 
Cranial index 26 
Frontal curvature index 27 
Parietal curvature index 27 
Upper facial index 23 
Orbital index 27 
Nasal index 26 
Maxillo-alveolar index 25 
Gnathic index 24
X sd min max W1
180.5 5.25 171.0 191.0 .961
127.1 4.03 121.0 135.0 .951
115.9 3.49 110.0 124.0 .946
129.4 3.52 120.0 137.0 . 956
104.1 3.52 98.0 115.0 .973
86.7 3.67 81.0 97.0 . 921
109.9 3.42 104.0 123.0 . 821*
24.1 2.19 21.0 29.0 .939
51.0 3.73 45.0 59.0 . 933
3.1 1.46 1.0 7.0 .909
110.4 5.89 101.0 123.0 . 922
23.4 2.61 19.0 28.0 .956
56.2 4.65 45.0 65.0 .951
30.6 3.51 24.0 36.0 . 954
81.8 4.07 72.0 89.0 .969
65.2 4.49 56.0 73.0 .967
115.0 3.95 107.0 122.0 . 977
62.4 2.41 57.0 67.0 .973
36.0 2.09 32.0 39.0 .929
29.2 1.87 25.0 33.0 . 939
67.0 3.84 62.0 75.0 . 924
126.3 4.18 119.0 136.0 . 975.
49.0 3.05 44.0 54.0 .948
23.8 1.28 22.0 26.0 .909
20.8 1.95 17.0 25.0 .968
33.4 1.73 30.0 36.0 .928
39.1 1.45 37.0 42.0 . 921
21.1 2.23 17.0 25.0 . 939
9.2 2.42 5.0 15.0 . 974
57.1 2.86 52.0 63.0 .960
62.0 3.77 55.0 67.0 . 932
99.9 3.73 94.0 110.0 . 958
96.5 4.92 87.0 107.0 . 975
100.6 4.70 92.0 109.0 .970
18.6 2.92 15.0 26.0 . 910
69.9 2.59 66.2 77.9 . 904
79.5 3.27 74.0 85.8 . 945
72.4 6.99 58.0 85.6 .976
145.5 3.19 139.0 152.0 . 948
70.5 2.53 67.2 75.6 .907
21.9 1.70 19.6 26.6 . 945
21.2 1.72 18.1 23.6 .934
53.1 2.96 48.1 59.2 .968
85.4 4.72 78.6 94.7 . 947
48.7 3.29 44.0 56.5 . 917
108.8 6.85 98.2 118.9 . 924
100.8 2.55 93.1 104.8 .931
Shapiro-Wilk statisticl p < .01
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Table 33. Descriptive statistics for the Upper Markham Valley regional 
sample. All chord measurements are given in mm, angles in 
degrees
n X sd min max w1
Glabella-opisthocranion 48 183.2 5.71 172.0 197.0 . 976
Maximum bi-parietal br. 49 129.6 3.25 123.0 136.0 .961
Bi-auriculare 49 119.9 4.79 109.0 132.0 .962
Basion-bregma 46 136.9 4.24 125.0 147.0 .986
Maximum supraorbital br. 48 106.3 4.50 97.0 118.0 .978
Minimum postorbital br. 48 89.0 3.78 79.0 96.0 .966
Nasion-bregma 49 112.5 5.42 102.0 123.0 .963
Metopion height 48 24.5 3.17 17.0 31.0 . 975
Nasion-metopion 48 50.0 3.70 41.0 60.0 . 987
Glabella prominence 49 3.6 1.24 1.0 6.0 . 913*
Lambda-bregma 49 116.7 6.38 105.0 130.0 .967
Parietal subtense h t . 49 25.1 2.78 19.0 30.0 .961
Bregma-parietal subtense 49 59.4 6.16 43.0 71.0 . 981
Mastoid length 48 33.8 3.23 26.0 40.0 .969
Lambda-asterion 48 83.5 4.60 71.0 94.0 . 979
Lambda-inion 48 65.4 5.83 53.0 89.0 . 934
Basion-lambda 46 116.3 6.17 94.0 128.0 . 901*
Auriculare-basion 46 65.5 2.90 59.0 72.0 . 969
Foramen magnum length 45 36.9 2.09 32.0 42.0 .953
Foramen magnum breadth 46 30.3 2.02 27.0 35.0 .953
Nasion-prosthion 41 69.4 3.98 60.0 77.0 . 957
Bi-zygion 37 131.5 5.06 121.0 141.0 .963
Nasion-nasospinale 47 51.2 3.55 45.0 60.0 .968
Nasal breadth 48 25.9 1.76 22.0 30.0 .964
Cheek height 49 23.3 2.56 18.0 28.0 .939
Orbital height 49 33.0 1.74 30.0 37.0 . 942
Orbital breadth 49 39.6 1.39 37.0 42.0 . 909*
Bi-maxillofrontale 49 21.8 1.93 18.0 28.0 . 950
Nasofrontal articulation 49 11.4 2.39 4.0 16.0 . 956
Alveolar length 46 58.6 3.02 51.0 65.0 .976
Alveolar breadth 46 67.3 3.85 54.0 74.0 .946
Basion-nasion 46 101.8 3.64 94.0 108.0 .960
Basion-nasospinale 44 95.7 5.22 82.0 105.0 . 971
Basion-prosthion 39 102.1 5.14 92.0 114.0 . 977
Nasospinale-prosthion 41 20.2 2.84 15.0 28.0 .968
Prosthion angle 39 70.1 3.43 62.3 77.5 . 987
Nasospinale angle 44 81.7 3.79 73.2 89.1 .976
Subnasal angle 38 67.7 7.61 73.2 89.1 . 989
Cranial module 46 149.8 3.32 142.0 156.0 .978
Cranial index 48 70.7 2.31 65.4 75.9 . 945
Frontal curvature index 48 21.8 2.26 16.7 26.1 . 972
Parietal curvature index 49 21.5 1.92 17.6 25.0 .961
Upper facial index 31 52.6 2.75 45.9 58.8 . 976
Orbital index 49 83.2 4.96 71.4 92.5 . 970
Nasal index 47 50.8 4.84 43.3 65.2 . 957
Maxillo-alveolar index 46 115.1 7.70 98.4 132.7 .968
Gnathic index 39 100.0 4.24 93.3 112.2 . 961
1 Shapiro-Wilk statistic * P < ■.01
Table 34. Descriptive statistics for the Finschhafen Coast regional 
sample. All chord measurements are given in mm, angles in 
degrees
n
Glabella-opisthocranion 47 
Maximum bi-parietal br. 47 
Bi-auriculare 46 
Basion-bregma 44 
Maximum supraorbital br. 47 
Minimum postorbital br. 47 
Nasion-bregma 47 
Metopion height 47 
Nasion-metopion 47 
Glabella prominence 47 
Lambda-bregma 47 
Parietal subtense ht. 47 
Bregma-parietal subtense 47 
Mastoid length 46 
Lambda-asterion 46 
Lambda-inion 47 
Basion-lambda 44 
Auriculare-basion 44 
Foramen magnum length 43 
Foramen magnum breadth 43 
Nasion-prosthion 37 
Bi-zygion 26 
Nasion-nasospinale 47 
Nasal breadth 46 
Cheek height 47 
Orbital height 47 
Orbital breadth 47 
Bi-maxillofrontale 47 
Nasofrontal articulation 46 
Alveolar length 43 
Alveolar breadth 43 
Basion-nasion 44 
Basion-nasospinale 44 
Basion-prosthion 35 
Nasospinale-prosthion 37 
Prosthion angle 35 
Nasospinale angle 44 
Subnasal angle 35 
Cranial module 44 
Cranial index 47 
Frontal curvature index 47 
Parietal curvature index 47 
Upper facial index 23 
Orbital index 47 
Nasal index 46 
Maxillo-alveolar index 42 
Gnathic index 35
X sd min max W1
179.7 7.17 161.0 196.0 .979
133.5 5.21 122.0 146.0 . 983
118.5 4.75 108.0 133.0 .964
132.6 4.17 122.0 142.0 .985
106.8 3.79 99.0 114.0 .967
91.2 3.20 83.0 98.0 . 982
109.8 5.19 98.0 122.0 . 980
25.0 2.48 20.0 30.0 .961
49.2 3.39 44.0 56.0 . 939
3.0 1.28 1.0 5.0 . 896*
114.4 6.93 99.0 130.0 .980
24.1 2.92 18.0 31.0 . 975
57.9 7.16 21.0 67.0 .970
31.2 3.05 26.0 37.0 .934
82.7 5.27 69.0 93.0 . 969
67.3 6.78 56.0 93.0 .940
114.9 5.10 105.0 127.0 .976
63.8 2.66 58.0 69.0 .966
35.1 2.56 30.0 42.0 .976
29.8 2.22 25.0 36.0 . 962
67.1 3.76 59.0 76.0 .980
131.1 5.06 123.0 143.0 .968
49.3 2.62 43.0 56.0 . 975
26.2 1.82 22.0 32.0 . 959
21.3 2.18 15.0 25.0 . 950
32.8 1.55 30.0 37.0 .949
38.7 1.77 32.0 42.0 .896*
22.7 2.07 19.0 28.0 . 960
11.0 2.22 7.0 16.0 .934
58.0 2.80 52.0 65.0 . 979
66.2 3.54 57.0 74.0 . 981
98.7 3.80 91.0 108.0 .969
94.4 4.36 84.0 104.0 .964
100.1 3.92 90.0 109.0 . 987
18.7 2.10 14.0 23.0 .973
69.3 3.18 61.0 78.1 . 909
80.1 3.68 72.5 89.1 . 926
68.1 6.19 55.3 81.8 . 974
148.7 4.18 137.7 157.7 . 982
74.4 3.93 65.9 80.7 .949
22.7 1.95 18.8 27.3 . 982
21.0 2.06 16.7 25.4 .968
51.1 3.48 43.7 59.8 .966
84.9 5.06 75.0 96.9 .965
53.3 4.49 43.1 63.6 . 970
114.4 5.78 103.3 129.6 . 957
101.4 3.55 93.3 112.4 . 947
Shapiro-Wilk statistic1 p < .01
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Table 35. Descriptive statistics for the Astrolabe Bay regional 
sample. All chord measurements are given in mm, angles in 
degrees
n X sd min max w1
Glabella-opisthocranion 9 177.6 6.80 166.0 191.0 . 907
Maximum bi-parietal br. 9 133.8 5.65 123.0 140.0 . 902
Bi-auriculare 9 119.3 5.43 110.0 127.0 .938
Basion-bregma 9 131.6 3.32 126.0 136.0 . 932
Maximum supraorbital br. 9 107.7 4.33 98.0 112.0 .846
Minimum postorbital br. 9 90.1 4.91 84.0 96.0 . 857
Nasion-bregma 9 107.4 3.71 102.0 115.0 . 937
Metopion height 9 23.1 2.03 20.0 27.0 . 948
Nasion-metopion 9 48.3 3.94 45.0 57.0 .820
Glabella prominence 9 3.3 1.12 2.0 5.0 .863
Lambda-bregma 9 112.1 5.35 101.0 121.0 . 919
Parietal subtense ht . 9 24.7 2.24 22.0 29.0 . 911
Bregma-parietal subtense 9 57.4 7.52 49.0 70.0 .889
Mastoid length 9 30.2 2.86 24.0 33.0 .861
Lambda-asterion 9 79.9 4.65 75.0 87.0 .875
Lambda-inion 9 65.0 9.23 51.0 79.0 . 953
Basion-lambda 9 112.2 3.93 104.0 117.0 .922
Auriculare-basion 9 64.2 2.68 59.0 67.0 .856
Foramen magnum length 8 35.2 1.91 32.0 38.0 . 975
Foramen magnum breadth 8 30.4 1.68 27.0 33.0 .878
Nasion-prosthion 8 68.1 2.59 65.0 72.0 . 921
Bi-zygion 9 134.3 4.82 125.0 132.0 .848
Nasion-nasospinale 9 51.1 1.83 49.0 55.0 .893
Nasal breadth 9 24.7 1.66 21.0 27.0 .872
Cheek height 9 22.4 1.81 20.0 25.0 .927
Orbital height 9 32.9 1.45 31.0 35.0 . 907
Orbital breadth 9 39.0 1.00 38.0 41.0 .853
Bi-maxillofrontale 9 22.7 2.34 19.0 26.0 . 940
Nasofrontal articulation 9 9.9 1.17 8.0 12.0 . 941
Alveolar length 6 59.7 2.66 57.0 64.0 . 923
Alveolar breadth 6 64.7 1.63 36.0 67.0 . 920
Basion-nasion 9 101.2 2.54 98.0 105.0 . 904
Basion-nasospinale 9 96.9 2.85 94.0 102.0 .899
Basion-prosthion 8 102.1 3.87 96.0 109.0 .970
Nasospinale-prosthion 8 16.1 2.80 13.0 20.0 .851
Prosthion angle 8 70.0 3.21 64.5 73.0 .870
Nasospinale angle 9 79.8 2.47 74.6 83.1 . 922
Subnasal angle 8 67.9 6.42 60.2 77.9 .923
Cranial module 9 147.6 4.25 138.3 152.3 .891
Cranial index 9 75.4 3.14 68.1 78.7 .840
Frontal curvature index 9 21.5 2.16 19.0 26.0 .897
Parietal curvature index 9 22.0 1.19 20.0 24.0 .982
Upper facial index 8 51.0 2.55 47.1 54.7 . 984
Orbital index 9 84.4 4.19 75.6 89.7 .921
Nasal index 9 48.3 3.54 42.9 55.1 . 949
Maxillo-alveolar index 6 108.5 4.28 101.6 112.3 .861
Gnathic index 8 100.6 3.84 96.2 107.9 .925
1 Shapiro-Wilk statistic * = p < .01
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Table 36. Descriptive statistics for the Upper Sepik River regional 
sample. All chord measurements are given in mm, angles in 
degrees
n X sd min max W1
Glabella-opisthocranion 5 180.2 4.49 174.0 186.0 .989
Maximum bi-parietal br. 5 131.2 4.71 123.0 135.0 .760
Bi-auriculare 5 120.2 2.59 117.0 123.0 . 915
Basion-bregma 5 134.4 3.58 129.0 139.0 .926
Maximum supraorbital br. 5 104.4 2.30 102.0 108.0 .943
Minimum postorbital br. 5 88.4 4.16 84.0 94.0 . 947
Nasion-bregma 5 109.8 3.03 106.0 114.0 .992
Metopion height 5 25.0 3.16 20.0 28.0 .912
Nasion-metopion 5 50.0 3.67 45.0 54.0 . 957
Glabella prominence 5 3.2 1.64 2.0 5.0 . 684*
Lambda-bregma 5 112.8 6.38 108.0 122.0 .809
Parietal subtense h t . 5 24.0 2.00 21.0 26.0 .905
Bregma-parietal subtense 5 59.6 4.93 53.0 66.0 .997
Mastoid length 5 33.8 3.70 29.0 39.0 . 991
Lambda-asterion 5 83.6 2.97 81.0 88.0 .896
Lambda-inion 5 68.0 4.06 62.0 73.0 . 978
Basion-lambda 5 114.8 2.17 112.0 117.0 .871
Auriculare-basion 5 65.2 1.92 62.0 67.0 .858
Foramen magnum length 5 35.0 2.91 32.0 39.0 .928
Foramen magnum breadth 5 30.8 3.27 27.0 36.0 .905
Nasion-prosthion 5 67.4 3.29 64.0 71.0 .861
Bi-zygion 5 130.0 3.54 126.0 134.0 . 915
Nasion-nasospinale 5 51.4 2.88 49.0 55.0 .813
Nasal breadth 5 26.4 1.34 25.0 28.0 .852
Cheek height 5 20.6 1.94 18.0 23.0 . 953
Orbital height 5 32.2 1.30 31.0 34.0 . 902
Orbital breadth 5 37.6 1.14 36.0 39.0 . 961
Bi-maxillofrontale 5 22.8 .084 22.0 24.0 .881
Nasofrontal articulation 5 12.2 2.17 11.0 16.0 . 676*
Alveolar length 5 59.6 3.05 56.0 64.0 . 981
Alveolar breadth 5 62.4 2.07 61.0 66.0 .739
Basion-nasion 5 101.8 3.77 96.0 106.0 .956
Basion-nasospinale 5 100.0 4.53 95.0 106.0 .935
Basion-prosthion 5 104.4 6.07 98.0 110.0 .803
Nasospinale-prosthion 5 16.8 1.79 14.0 19.0 .863
Prosthion angle 5 68.8 1.68 66.7 71.7 .950
Nasospinale angle 5 77.2 1.78 75.0 79.3 .962
Subnasal angle 5 70.2 7.20 60.5 78.3 . 960
Cranial module 5 148.6 2.35 146.7 152.7 .772
Cranial index 5 72.9 3.68 67.6 77.6 .983
Frontal curvature index 5 22.7 2.47 18.9 25.2 .920
Parietal curvature index 5 21.3 1.35 19.3 23.1 .897
Upper facial index 5 51.9 2.41 48.1 53.8 .836
Orbital index 5 85.7 4.49 79.5 91.9 . 977
Nasal index 5 51.5 4.07 46.3 56.0 . 941
Maxillo-alveolar index 5 104.9 5.55 95.3 108.9 .778
Gnathic index 5 102.5 3.35 97.0 105.8 .878
1 Shapiro-Wilk statistic ★ .P < •.01
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Table 37. Descriptive statistics for the Wutung regional sample, 
chord measurements are given in mm, angles in degrees
n
Glabella-opisthocranion 4 
Maximum bi-parietal br. 4 
Bi-auriculare 4 
Basion-bregma 4 
Maximum supraorbital br. 4 
Minimum postorbital br. 4 
Nasion-bregma 4 
Metopion height 4 
Nasion-metopion 4 
Glabella prominence 4 
Lambda-bregma 4 
Parietal subtense ht. 4 
Bregma-parietal subtense 4 
Mastoid length 4 
Lambda-asterion 4 
Lambda-inion 4 
Basion-lambda 4 
Auriculare-basion 4 
Foramen magnum length 3 
Foramen magnum breadth 3 
Nasion-prosthion 4 
Bi-zygion 4 
Nasion-nasospinale 4 
Nasal breadth 4 
Cheek height 4 
Orbital height 4 
Orbital breadth 3 
Bi-maxillofrontale 4 
Nasofrontal articulation 4 
Alveolar length 4 
Alveolar breadth 3 
Basion-nasion 4 
Basion-nasospinale 4 
Basion-prosthion 4 
Nasospinale-prosthion 4 
Prosthion angle 4 
Nasospinale angle 4 
Subnasal angle 4 
Cranial module 4 
Cranial index 4 
Frontal curvature index 4 
Parietal curvature index 4 
Upper facial index 4 
Orbital index 3 
Nasal index 4 
Maxillo-alveolar index 3 
Gnathic index 4
X sd min max W1
178.7 5.06 173.0 185.0 .997
135.5 1.73 134.0 137.0 .729
121.5 1.73 120.0 124.0 .840
136.0 2.94 133.0 140.0 .953
108.7 2.75 106.0 112.0 . 940
89.5 2.89 86.0 93.0 . 991
112.5 3.42 109.0 117.0 . 971
25.0 5.48 21.0 33.0 .818
52.5 3.70 49.0 57.0 . 927
3.0 0.82 2.0 4.0 . 944
109.0 3.65 105.0 113.0 .950
23.0 2.58 20.0 26.0 .993
57.5 3.32 53.0 60.0 .855
32.0 1.15 31.0 33.0 .729
87.7 1.71 86.0 90.0 .971
72.0 5.48 68.0 80.0 .818
117.5 3.70 113.0 122.0 . 984
64.2 1.26 63.0 66.0 .895
33.7 1.15 33.0 35.0 .750
29.0 2.65 27.0 32.0 .893
68.5 5.45 62.0 73.0 .856
133.5 3.32 129.0 136.0 .855
51.5 4.80 46.0 56.0 .898
27.2 1.50 26.0 29.0 .850
23.0 1.83 21.0 25.0 . 950
34.0 3.16 30.0 37.0 .940
38.7 1.53 37.0 40.0 .964
22.7 2.63 19.0 25.0 .887
10.7 0.96 10.0 12.0 .864
55.2 1.71 53.0 57.0 .971
65.0 4.58 61.0 70.0 .964
100.5 4.51 94.0 104.0 .851
94.2 3.10 90.0 97.0 .920
99.2 2.36 96.0 101.0 .848
19.7 1.89 17.0 21.0 .791
70.8 1.14 69.2 71.8 .890
81.4 1.14 80.4 83.0 .890
69.4 3.59 64.5 73.1 .913
150.1 2.07 148.3 153.0 .897
75.8 2.78 72.4 79.2 . 968
22.1 4.25 48.9 28.2 .855
21.1 2.33 19.0 24.3 . 919
51.3 3.50 48.1 54.9 . 926
85.2 4.48 81.1 90.0 . 985
53.4 8.00 46.4 63.0 .886
118.2 7.98 112.3 127.3 .884
98.8 2.74 96.1 102.1 .943
1 Shapiro-Wilk statistic * = p < .01
All
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Table 38. Summary statistics for the North Coast-Lowland Division 
univariate analysis of variance
Bartlett-Box Kruskal-Wallis
Variable F F H
Glabella-opisthocranion 2.391* .962 10.811
Maximum bi-parietal br. 10.159** 2.822* 38.431**
Bi-auriculare 3.333** 1.731 17.587**
Basion-bregma 13.839** . 437 48.976**
Maximum supraorbital br. 2.453* .947 13.432*
Minimum postorbital br. 5.662** .716 24.297**
Nasion-bregma 2.748* 1.850 12.975*
Metopion height .859 2.173 5.177
Nasion-metopion 1.635 .122 8.188
Glabella prominence 1.310 .533 5.922
Lambda-bregma 4.257** .524 19.736**
Parietal subtense ht. 1.598 .343 7.793
Bregma-parietal subtense 1.015 1.578 6.508
Mastoid length 5.537** .864 22.453**
Lambda-asterion 2.099 1.341 11.360*
Lambda-inion 1.474 1.916 7.866
Basion-lambda 1.241 2.216 9.184
Auriculare-basion 4.834** .765 19.803**
Foramen magnum length 3.463** .821 15.948**
Foramen magnum breadth 1.246 .759 5.908
Nasion-prosthion 1.907 .560 11.033
Bi-zygion 5.901** .464 24.350**
Nasion-nasospinale 3.010* 1.711 13.004*
Nasal breadth 9.566** .838 38.166**
Cheek height 6.681** .735 26.833**
Orbital height .864 1.005 3.909
Orbital breadth 2.851* 1.159 11.774*
Bi-maxillofrontale 2.340* 1.013 11.482*
Nasofrontal articulation 4.006** 1.518 20.124**
Alveolar length 2.239 .296 11.050
Alveolar breadth 7.890** 1.215 30.672**
Basion-nasion 3.714** .408 17.714**
Basion-nasospinale 1.871 1.021 8.705
Basion-prosthion 1.512 1.045 5.682
Nasospinale-prosthion 4.614** 1.061 18.284**
Prosthion angle .475 1.355 4.064
Nasospinale angle 2.659* 1.726 14.589*
Subnasal angle 1.597 .630 7.629
Cranial module 5.024** 1.195 22.305**
Cranial index 11.456** 2.866* 40.588**
Frontal curvature index 1.268 1.578 7.203
Parietal curvature index .520 . 917 3.603
Upper facial index 1.489 .445 7.755
Orbital index . 946 .117 2.995
Nasal index 4.714** 1.600 22.132**
Maxillo-alveolar index 5.563** 1.018 21.712**
Gnathic index . 989 1.355 6.094
* = p < .05 ** = p < .01
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Table 39. Anova multiple comparisons test results, North Coast-Lowland 
Division. An asterisk indicates the regional pair shows 
significant differences at p < .05
Regional Pairs
Variable RM-MV BM-FC BM-AB BM-WU MV-FC MV-AB
Glabella-opisthocranion 
Maximum bi-parietal br. * * * *
Bi-auriculare *
Basion-bregma
Maximum supraorbital br.
★ ★ ★
Minimum postorbital br. 
Nasion-bregma
★
Lambda-bregma ★
Mastoid length ★ ★
Auriculare-basion ★
Foramen magnum length ★
Bi-zygion
Nasion-nasospinale
★ ★ ★
Nasal breadth ★ ★ ★
Cheek height 
Orbital breadth
★ ★
Bi-maxillofrontale 
Nasofrontal articulation 
Alveolar breadth
Basion-nasion 
Nasospinale-prosthion 
Nasospinale angle
★
*
Cranial module ★ ★
Cranial index ★ * ★ ★
Nasal index ★
Maxillo-alveolar index ★
Regional pairs showing no significant differences: BM-SR, MV-SR, MV'
WU, FC-AB, FC-SR, FC-WU, AB-SR, AB-WU, SR-WU.
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Five variables (nasion-bregma, glabella prominence, basion-lambda, 
orbital breadth and nasofrontal articulation) show a significant 
departure from the normal distribution at p < .01, although three
(nasion-bregma, basion-lambda and nasofrontal articulation) do so for 
only a single region each. Orbital breadth shows a significant non­
normal distribution for the Upper Markham Valley and the Finschhafen 
Coast, and glabella prominence is significant for the Upper Markham 
Valley, Finschhafen Coast and Upper Sepik River regional samples.
Significant deviation in orbital breadth, glabella prominence and
too go «ree anasofrontal articulation is probably the result of — inadequate
rn-ea^wrernenhmeasuring scale. The performance of these five variables will be 
monitored throughout the analysis.
Only two variables (maximum bi-parietal breadth and the cranial 
index) show significant inequality in their individual regional 
variances when tested using the Bartlett-Box F statistic (Table 38) . 
To ensure the validity of the anova result for all variables, the 
Kruskal-Wallis (H) non-parametric analysis of variance was also 
conducted (Table 38) . The parametric and non-parametric results are 
identical except for glabella-opisthocranion (significant F, non­
significant H) and lambda-asterion (non-significant F, significant H). 
Both of these variables are normally distributed and show regional 
equivalence in their variances. On this basis the significance 
indications provided by the statistically more rigourous parametric 
anova are accepted over those of the non-parametric technique.
A total of 27 variables (21 chords, 1 angle and 5 indices) show 
significant variation throughout the North Coast-Lowland Division 
(Table 38) . Of the 21 chords, 11 relate to measures of either vault 
breadth (maximum bi-parietal breadth, bi-auriculare, minimum 
postorbital breadth, auriculare-basion) or facial breadth (maximum
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supraorbital breadth, bi-zygion, nasal breadth, orbital breadth, bi- 
maxillofrontale, nasofrontal articulation and alveolar breadth). The 
remainder relate to vault length (glabella-opisthocranion), vault 
height (basion-bregma) , the form of the frontal (nasion-bregma) and 
the parietal (lambda-bregma), facial height (nasion-nasospinale and 
cheek height), facial prognathism (basion-nasion and nasospinale- 
prosthion), foramen magnum length and mastoid length.
Regional variation in chord measures of vault size and shape is 
reflected by significant variability in both the cranial module and 
the cranial index. Non-significant F values for both the frontal 
curvature and parietal curvature indices suggest that significant 
variation in both nasion-bregma length and lambda-bregma length is 
simply a function of variability in overall vault length. Variation 
in elements of facial breadth and height are reflected by significant 
values for the upper facial, nasal and maxillo-alveolar indices. The 
only significant non-chord indicator of facial prognathism is the 
nasospinale angle.
The results of pairwise comparisons of the regional means based on 
the Scheffe multiple comparisons test for the 27 variables significant 
for F are given in Table 39. These results may be summarised as 
follows:
1. Although seven variables (glabella-opisthocranion, maximum 
supraorbital breadth, nasion-bregma, nasion-nasospinale, orbital 
breadth, bi-maxillofrontale and nasospinale angle) show significant 
variation throughout the Division on the basis of their F values, none 
of these is significant for any of the individual pairwise 
comparisons. This indicates only a very low and quite generalised 
level of regional variation for each of these variables, without 
evidence of any one region being particularly distinctive in any way
209
(four of the six variables are only just significant for F at p < 
.05) .
2. Only six of the possible 15 pairwise regional comparisons show 
significant differences for one or more variables, and three of these 
pairs (Buang Mountains-Astrolabe Bay, Buang Mountains-Wutung and Upper 
Markham Valley-Astrolabe Bay) are significant for a total of only two 
or three variables each. At a superficial level, this indicates that 
the Division is generally homogeneous.
3. The Buang Mountains, the Upper Markham Valley and the 
Finschhafen Coast are the only regions displaying large numbers of 
variables significant for F, and they do so only when compared with 
each other (Buang Mountains-Upper Markham Valley, 12 variables; Buang 
Mountains-Finschhafen Coast, 8 variables; Upper Markham Valley- 
Finschhafen Coast, 8 variables). In fact, variation between these 
three regions alone accounts for almost all of the significant 
variation exhibited within the Division. Most of the variables 
differentiating these regions relate to measures of vault and facial 
breadth. The Buang Mountains is particularly distinguished by its 
small, narrow vaults and narrow faces. The Upper Markham Valley is 
distinguished by higher vaults and longer mastoid processes. The 
Finschhafen Coast possesses generally larger and broader vaults.
The pattern of population variability within the North Coast- 
Lowland Division indicated by the anova results is interesting and in 
some ways perplexing, for it suggests that while there is a 
significant degree of heterogeneity within the three regions 
comprising the eastern part of the Division, none of the three is 
individually significantly different from the central and western 
parts, which are quite similar.
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6.2.1.2 Discriminant and Cluster Analyses
The discriminant analysis for the North Coast-Lowland Division 
follows the design of Analysis Three described in Chapter Five. Stage 
1 resulted in 10 variables being selected for direct entry in Stage 2: 
glabella-opisthocranion, maximum bi-parietal breadth, basion-bregma, 
maximum supraorbital breadth, lambda-bregma, nasal breadth, alveolar 
breadth and basion-nasion. Missing values reduced the total number of 
cases available for the analysis from 141 to 77. The parent-subset 
regional sample checking procedure indicated that the Wutung subset 
was aberrant on the basis of inconsistent variable means; this is not 
surprising given that missing values reduced the sample from four to 
one. The checking procedure also identified reduced values for the 
univariate F ratios of some variables; the significance values of 
these variables, however, were not seriously affected.
The number of cases used in Stage 2 was reduced from a total of 
141 to 118 (Buang Mountains 24; Upper Markham Valley 41; Finschhafen 
Coast 39; Astrolabe Bay 6; Upper Sepik River 5; Wutung 3) . The 
parent-subset checking procedure indicated that the regional subsets 
were excellent reflections of the parent samples on the basis of 
comparable means and F ratios.
The number of variables exceeded the number of cases for three of 
the six samples (Astrolabe Bay, Upper Sepik River and Wutung), 
rendering the investigation of covariance homogeneity for all six 
regional samples impossible. Box's M was calculated for the 
covariance matrices of the three remaining samples; the associated F 
ratio was highly significant (p = .0000) and indicated unequal levels 
of group dispersion. This result poses a problem in assessing the 
statistical significance of the analysis.
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The five discriminant functions computed by the analysis are given 
in Table 40. The first two functions are both significant for Wilk' s 
lambda (p = .0000) and combined account for 86.3% of the total 
variance. The remaining three functions account for a combined total 
of only 13.7% of the total variance and will not be considered 
further.
The across-groups correlations between the discriminant functions 
and the discriminating variables (Table 41) indicate that elements of 
both vault (maximum bi-parietal breadth) and facial breadth (nasal 
breadth and alveolar breadth) are the major contributors to group 
discrimination on the first function, although vault height (basion- 
bregma), posterior vault length (lambda-bregma) and upper facial 
breadth (maximum supraorbital breadth) are also significantly 
correlated and may be identified as secondary discriminators. Group 
separation on function 2 is primarily the result of variation in vault 
height (basion-bregma), with vault length (glabella-dpisthocranion), 
upper facial breadth (maximum supraorbital breadth) and an element of 
facial prognathism (basion-nasion) also contributing as secondary 
features.
A plot of the canonical discriminant function scores for all cases 
and the group centroids is given in Figure 18. Although there appears 
to be some degree of overlap in the plots of the individual case 
scores, a clear pattern of regional differentiation can be discerned 
from the relative positions of the group centroids. The Buang 
Mountains are well separated from the other five regions on the basis 
of function 1. The latter regions are all remarkably similar for the 
morphological features which discriminate on this function. Function 
2 contributes very little to the overall pattern of group separation
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Table 40. Summary statistics for the performance of the discriminant 
functions, North Coast-Lowland Division discriminant analysis
% of C a n o n i c a l Wille' 8
F u n c t i o n E i g e n v a l u e V a r i a n c e C o r r e l a t i o n L a m b d a C h i 2 d . f . P
1.1159 48.66 .7262 .1891 183.19 40 .0000
2 .8637 37.66 .6808 .4001 100.75 28 .0000
3 .1889 8.24 .3986 .7457 32.27 18 .0204
4 .0920 4.01 .2903 .8866 13.23 10 .2109
5 .0328 1.43 .1782 . 9682 3.55 4 .4701
Table 41. Across-groups correlations between discriminating variables 
and discriminant functions 1 and 2, North Coast-Lowland 
Division discriminant analysis
Across-groups
correlations
Variable Function 1 Function 2
Glabe1la-opisthocranion -.0540 . 4378**
Maximum bi-parietal breadth .6665** -.4024**
Basion-bregma .4669** .7304**
Maximum supraorbital breadth .4388** -.0208
Lambda-bregma .3181** .3478**
Nasal breadth .6863** .1689**
Alveolar breadth .5539** .3329**
Basion-nasion .0032 .4682**
Number of cases: 118 p < .01 ** p < .001
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Figure 18. Plot of canonical discriminant function scores for all 
cases and the group centroids, North Coast-Lowland Divsion 
discriminant analysis
Function 1
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identified in the plot, with all six group centroids achieving similar 
scores.
Interpreting the plot with reference to the signs of the across- 
groups correlations between the variables and the functions (Table 
41), and also referring to the original regional mean values (Tables 
32 to 37) , the Buang Mountains are characterised by much narrower 
vault and facial breadth dimensions (function 1) . These set the 
region apart from the rest of the Division. Further differentiation 
of the remaining regions is achieved on the basis of variation in 
vault height (function 2), although the actual degree of group 
separation is minimal.
The group classification results (Table 42) reflect the canonical 
plot by showing that with a success rate of only 69.5%, the Division 
is relatively homogeneous. Apart from the Buang Mountains and the 
Upper Markham Valley, the majority of the regions achieve very poor 
rates of successful classification; in fact, Astrolabe Bay and the 
Upper Sepik River are both misclassified in 100% of cases, and Wutung 
in 66.6% of cases. Most of the Finschhafen Coast misclassifications 
are with the Upper Markham Valley (28.2% of all cases), the rest being 
spread throughout the Buang Mountains, Astrolabe Bay and the Upper 
Sepik River (2.6% each) .
Only 12.5% of Buang Mountains cases are misclassified, these being 
fairly evenly distributed throughout the rest of the Division. On the 
other hand, misclassifications for the Upper Markham Valley (17.1% of 
all cases) tend to concentrate in the Finschhafen Coast.
The morphological features identified by the discriminant analysis 
as the major discriminators differentiating the Division are the same 
as those identified in the anova: elements of vault and facial
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Table 42. Group classification results, North Coast-Lowland Division 
discriminant analysis
Predicted group membership
Actual group n BM MV PC AB SR wu
Buang Mountains 24 21 1 1 0 0 1
87.51 4.2 4.2 0 0 4.2
Upper Markham Valley 41 2 34 4 0 0 1
4.9 82.9 9.8 0 0 2.4
Finschhafen Coast 39 1 11 25 1 1 0
' 2.6 28.2 64.1 2.6 2.6 0
Astrolabe Bay 6 1 0 4 0 1 0
16. 7 0 66. 7 0 16. 7 0
Upper Sepik River 5 1 3 0 1 0 0
20.0 60.0 0 20.0 0 0
Wutung 3 0 1 0 1 0 1
0 33.3 0 32.3 0 33.3
Percent of grouped cases correctly classified: 69.49%
1 Numbers in italics are percentages.
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breadth. The major difference in the results of the two analyses is 
that the discriminant analysis has identified the Buang Mountains as a 
single outstanding region, with the remaining five being very similar. 
Morphological features separating the Finschhafen Coast from the Upper 
Markham Valley in the anova are considered unimportant by the 
discriminant analysis, resulting in a pattern of regional variability 
that is far less confusing than that indicated by the anova.
The dendrogram resulting from a cluster analysis of the North 
Coast-Lowland regions, using the method described in Chapter 5, is 
illustrated in Figure 19. The pattern of regional relationships 
suggested by the dendrogram is basically consistent with the results 
of the discriminant analysis in that it isolates the Buang Mountains 
from the rest of the Division (indicated by the first branch of the 
dendrogram).
However, the dendrogram indicates a further subdivision of the 
remaining five regions into two distinct groups. The Finschhafen 
Coast is closely allied with Astrolabe Bay and both are well separated 
from a second cluster containing the Upper Markham Valley, the Upper 
Sepik River and Wutung.
Given the data-related association between the clustering and 
discriminant procedures as used here (the clustering method using the 
discriminant results as data), we might expect the separation of the 
Finschhafen Coast and Astrolabe Bay samples from the Upper Markham 
Valley, the Upper Sepik River and Wutung indicated by the dendrogram 
to be reflected in the bivariate canonical plot of Figure 18. This is 
not the case: the plot of functions 1 against 2 indicates a relative 
uniformity of these five regions, admittedly divergent on the basis of 
function 2, but with no apparent internal regional differentiation. 
Certainly, the Upper Markham Valley and the Upper Sepik River are
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Figure 19. North Coast-Lowland Division regional relationships based 
on a cluster analysis of the six group centroid discriminant 
scores for functions 1 and 2
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almost identical on the basis of the canonical plot, but there is no 
indication of a particular association between these two regions and 
Wutung which would separate them from the Finschhafen Coast and 
Astrolabe Bay. On the basis of the canonical plot alone, one might 
reasonably expect that the distance between two clusters, one 
containing Astrolabe Bay and the Finschhafen Coast and the other the 
Upper Markham Valley, the Upper Sepik River and Wutung, would not be 
much more than the internal distances within each cluster.
The pattern of internal regional differentiation for the five 
regions indicated by the dendrogram is a function of the particular 
clustering algorithm used. This algorithm, average linkage within 
groups, computes the distance between the two major clusters as the 
average of the distances between all possible pairs of cases in the 
resulting cluster. The fact that the distances between the Upper 
Markham Valley and Wutung in one cluster and between the Finschhafen 
Coast and Astrolabe Bay in the other are equivalent is expected, given 
their spatial relationships on the canonical plot. However, at the 
next level of clustering, the distance between the two clusters is 
computed as the average of all possible pairwise distances. Assuming 
a direct relationship between the squared Euclidean distances as 
computed by the procedure and the linear distances that separate the 
five regions in the canonical plot, it is clear from the plot that the 
average of the distances between, say, Astrolabe Bay-Wutung and 
Finschhafen Coast-Upper Markham Valley will be much greater than the 
average of the distances between Upper Markham Valley-Upper Sepik 
River and Upper Markham Valley-Wutung. This is translated by the 
algorithm as a relatively greater distance between the clusters (MV- 
SR-WU vs FC-AB) than are the distances which occur within each
separate cluster.
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6.2.1.3 Summary
The previous discussion demonstrates that cluster analysis may be 
used to illustrate specific regional relationships which may otherwise 
be missed by simple interpretation of a bivariate canonical 
discriminant plot. In this instance, the clustering result 
illustrated by the dendrogram indicates a differentiation of the North 
Coast-Lowland Division into three major clusters: a primary separation 
of the Buang Mountains, isolating it from the rest of the Division; a 
second cluster containing Astrolabe Bay and the Finschhafen Coast; and 
a third cluster, well differentiated from the second, containing the 
Upper Markham Valley, the Upper Sepik River and Wutung. The 
morphological features which contribute to this pattern of regional 
differences relate mostly to vault height and vault and facial 
breadth. Thus, the Buang Mountains are characterised by very narrow 
vault and facial breadths by comparison with the rest of the Division. 
The Upper Markham Valley, the Upper Sepik River and Wutung are also 
differentiated from Astrolabe Bay and the Finschhafen Coast on the 
basis of the former cluster's greater vault height.
6.2.2 Highlands Fringe Division
Summary statistics for each of the three Highlands Fringe regions 
(Menyamya [ME], Telefolip-Oksapmin [TO] and Lake Kutubu [LK]) are 
given in Tables 43 to 45 respectively.
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Table 43. Descriptive statistics for the Menyamya regional sample.
All chord measurements are given in mm, angles in degrees
n X sd min max w 1
Glabella-opisthocranion 6 182.8 5.23 177.0 191.0 . 936
Maximum bi-parietal br. 6 131.0 5.10 123.0 138.0 . 969
Bi-auriculare 6 123.8 4.35 116.0 129.0 .910
Basion-bregma 6 12 6.0 5.56 121.0 135.0 .882
Maximum supraorbital br. 6 109.5 2.59 107.0 114.0 .880
Minimum postorbital br. 6 89.3 2.58 86.0 93.0 .979
Nasion-bregma 6 108.3 4.84 104.0 116.0 .873
Metopion height 6 23.8 2.04 21.0 27.0 . 975
Nasion-metopion 6 49.3 3.67 45.0 54.0 .933
Glabella prominence 6 3.7 1.51 2.0 6.0 .866
Lambda-bregma 6 113.8 5.98 104.0 121.0 .943
Parietal subtense h t . 6 24.8 3.20 22.0 31.0 .793
Bregma-parietal subtense 6 58.7 3.88 55.0 64.0 .871
Mastoid length 6 30.2 3.12 24.0 32.0 . 687
Lambda-asterion 6 83.5 3.02 79.0 87.0 .937
Lambda-inion 6 64.7 1.86 62.0 67.0 .950
Basion-lambda 6 112.2 3.31 108.0 117.0 .966
Auriculare-basion 6 64.5 2.66 61.0 69.0 . 945
Foramen magnum length 6 35.5 1.22 34.0 37.0 .827
Foramen magnum breadth 6 28.0 0.63 27.0 29.0 .827
Nasion-prosthion 5 65.6 2.61 63.0 70.0 .796
Bi-zygion 6 138.7 4.63 130.0 143.0 .853
Nasion-nasospinale 6 50.7 3.01 47.0 55.0 . 971
Nasal breadth 6 26.8 0.75 26.0 28.0 .866
Cheek height 6 22.8 1.64 20.0 24.0 .863
Orbital height 6 32.0 0.89 31.0 33.0 .853
Orbital breadth 6 39.8 1.17 38.0 41.0 . 908
Bi-maxillofrontale 6 25.2 1.94 24.0 29.0 . 682’
Nasofrontal articulation 6 13.8 2.56 10.0 17.0 .963
Alveolar length 6 57.8 2.40 56.0 62.0 .824
Alveolar breadth 6 65.7 3.78 60.0 70.0 . 963
Basion-nasion 6 98.5 5.92 92.0 105.0 .855
Basion-nasospinale 6 96.3 3.44 92.0 100.0 .868
Basion-prosthion 5 102.4 2.88 99.0 106.0 . 950
Nasospinale-prosthion 5 18.0 1.87 16.0 20.0 .817
Prosthion angle 5 66.5 3.39 61.6 70.3 . 969
Nasospinale angle 6 77.2 3.32 72.2 81.4 . 972
Subnasal angle 5 63.7 7.27 53.9 73.0 .994
Cranial module 6 146.7 4.79 141.0 154.7 .951
Cranial index 6 71.6 2.03 69.1 75.1 .945
Frontal curvature index 6 22.0 1.88 18.9 2 4.0 .929
Parietal curvature index 6 21.8 2.49 19.6 26.1 .885
Upper facial index 5 47.6 1.99 45.8 50.7 .882
Orbital index 6 80.4 3.53 77.5 86.8 .806
Nasal index 6 53.1 3.31 49.1 57.4 . 924
Maxillo-alveolar index 6 113.6 6.02 107.1 125.0 .821
Gnathic index 5 105.5 4.50 100.0 112.0 .969
1 Shapiro-Wilk statistic ★ = P < .01
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Table 44. Descriptive statistics for the Telefolip-Oksapmin regional 
sample. All chord measurements are given in mm, angles in 
degrees
n X sd min max W1
Glabella-opisthocranion 9 176.9 6.05 170.0 188.0 . 929
Maximum bi-parietal br. 9 140.7 3.77 132.0 145.0 .837
Bi-auriculare 9 123.9 4.68 114.0 129.0 .889
Basion-bregma 7 128.1 4.78 121.0 135.0 .974
Maximum supraorbital br. 9 106.4 2.07 104.0 111.0 .838
Minimum postorbital br. 9 88.7 3.46 84.0 95.0 . 946
Nasion-bregma 9 111.1 4.26 104.0 118.0 .964
Metopion height 9 25.3 2.78 20.0 29.0 . 926
Nasion-metopion 9 51.3 2.87 48.0 55.0 .866
Glabella prominence 9 4.1 1.27 2.0 6.0 . 947
Lambda-bregma 9 106.9 4.99 97.0 113.0 .946
Parietal subtense h t . 9 22.2 2.49 19.0 25.0 .867
Bregma-parietal subtense 9 55.0 4.95 46.0 62.0 .978
Mastoid length 8 30.4 2.97 24.0 33.0 .779
Lambda-asterion 9 81.2 3.35 75.0 86.0 .967
Lambda-inion 9 61.4 3.50 57.0 69.0 .895
Basion-lambda 7 110.0 2.45 106.0 114.0 .958
Auriculare-basion 7 65.0 2.31 60.0 67.0 .722*
Foramen magnum length 6 33.8 1.72 31.0 36.0 .962
Foramen magnum breadth 6 29.8 1.17 29.0 32.0 .772
Nasion-prosthion 8 67.2 5.50 56.0 72.0 .849
Bi-zygion 6 133.3 6.31 121.0 139.0 .760
Nasion-nasospinale 9 50.8 3.90 42.0 56.0 .882
Nasal breadth 9 25.2 2.17 21.0 27.0 .839
Cheek height 9 21.1 1.96 19.0 25.0 .873
Orbital height 9 33.3 2.69 28.0 37.0 .947
Orbital breadth 8 39.6 1.14 37.0 42.0 .891
Bi-maxillofrontale 9 22.7 2.24 18.0 25.0 .836
Nasofrontal articulation 9 11.2 1.48 9.0 14.0 . 949
Alveolar length 8 58.4 3.07 53.0 64.0 . 919
Alveolar breadth 7 64.9 4.91 56.0 71.0 . 905
Basion-nasion 7 98.9 2.12 95.0 102.0 . 919
Basion-nasospinale 7 95.9 3.86 90.0 100.0 . 922
Basion-prosthion 7 100.9 5.64 93.0 109.0 .925
Nasospinale-prosthion 8 19.4 2.82 15.0 22.0 .786
Prosthion angle 7 68.6 3.52 64.7 75.4 . 912
Nasospinale angle 7 78.5 2.95 76.3 84.4 .802
Subnasal angle 7 87.9 15.77 45.1 89.6 . 944
Cranial module 7 148.9 3.67 141.0 152.0 .760
Cranial index 9 79.6 3.04 73.4 82.9 . 911
Frontal curvature index 9 22.7 1.85 19.2 24.8 . 924
Parietal curvature index 9 20.8 2.35 17.1 24.3 .963
Upper facial index 5 49.2 2.67 46.3 52.9 . 924
Orbital index 8 83.6 6.01 71.8 90.0 .913
Nasal index 9 49.8 3.75 42.6 55.1 .966
Maxillo-alveolar index 7 111.1 7.12 101.7 120.3 .932
Gnathic index 7 102.0 5.24 93.0 110.1 .951
1 Shapiro-Wilk statistic ★ . = p < .01
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Table 45. Descriptive statistics for the Lake Kutubu regional sample
All chord measurementsi are given in mm, angles in degrees
n X sd min max W 1
Glabella-opisthocranion 30 182.0 4.37 176.0 191.0 944
Maximum bi-parietal br. 30 127.7 3.59 121.0 136.0 977
Bi-auriculare 30 117.1 3.13 112.0 125.0 967
Basion-bregma 30 131.8 4.18 125.0 140.0 923
Maximum supraorbital br. 30 104.6 3.44 98.0 112.0 977
Minimum postorbital br. 30 85.8 2.98 80.0 91.0 954
Nasion-bregma 30 109.1 4.77 101.0 120.0 970
Metopion height 30 24.6 2.98 19.0 31.0 966
Nasion-metopion 30 49.4 3.58 38.0 56.0 934
Glabella prominence 30 2.4 0.89 1.0 4.0 877*
Lambda-bregma 30 116.4 5.19 108.0 127.0 960
Parietal subtense ht . 30 26.0 2.43 20.0 30.0 950
Bregma-parietal subtense 30 60.4 4.02 52.0 68.0 970
Mastoid length 28 31.5 3.00 26.0 37.0 969
Lambda-asterion 30 82.4 4.06 75.0 89.0 ,938
Lambda-inion 30 68.3 5.47 58.0 79.0 , 971
Basion-lambda 30 115.5 3.54 109.0 127.0 , 914
Auriculare-basion 30 63.1 2.09 58.0 69.0 ,881*
Foramen magnum length 30 33.9 2.22 30.0 39.0 ,967
Foramen magnum breadth 30 28.6 1.89 26.0 33.0 , 901
Nasion-prosthion 28 69.1 3.81 62.0 77.0 , 974
Bi-zygion 20 125.9 4.79 117.0 134.0 ,976
Nasion-nasospinale 30 52.7 2.65 48.0 58.0 .964
Nasal breadth 30 26.3 1.68 22.0 30.0 .950
Cheek height 30 21.7 2.19 17.0 25.0 .950
Orbital height 30 34.1 1.32 31.0 37.0 .935
Orbital breadth 30 38.7 0.88 37.0 40.0 .863*
Bi-maxillofrontale 30 21.7 1.97 18.0 26.0 . 943
Nasofrontal articulation 30 10.3 1.80 8.0 14.0 . 916
Alveolar length 28 59.1 3.22 52.0 66.0 .968
Alveolar breadth 25 65.4 3.01 60.0 70.0 . 945
Basion-nasion 30 99.9 2.80 92.0 105.0 . 964
Basion-nasospinale 30 96.8 4.20 86.0 104.0 . 955
Basion-prosthion 28 101.6 4.58 91.0 110.0 . 979
Nasospinale-prosthion 28 17.7 2.37 13.0 24.0 . 956
Prosthion angle 28 68.8 2.27 64.0 73.8 .985
Nasospinale angle 30 77.7 2.33 72.1 83.1 .986
Subnasal angle 28 70.9 5.42 61.5 85.6 .954
Cranial module 30 147.2 2.91 142.7 152.3 .925
Cranial index 30 70.2 2.40 66.0 75.6 . 977
Frontal curvature index 30 22.5 2.20 18.8 27.4 . 977
Parietal curvature index 30 22.3 1.70 18.5 25.6 .982
Upper facial index 20 54.7 2.52 50.0 58.8 .956
Orbital index 30 88.2 3.23 82.5 94.9 .954
Nasal index 30 49.9 3.50 43.1 57.7 .973
Maxillo-alveolar index 25 110.6 4.37 103.3 121.2 .959
Gnathic index 28 101.5 2.87 95.8 106.9 . 964
1 Shapiro-Wilk statistic * = p < .01
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6.2.2.1 Univariate Analysis of Variance
The anova results for each of the 47 chord, angle and index 
variables are given in Tables 46 and 47. Underlying assumptions 
(normally distributed variables with equality of variance) were 
assessed using the Shapiro-Wilk statistic (Tables 43 to 45) and the 
Bartlett-Box F statistic (Table 47).
Four variables (glabella prominence, auriculare-basion, orbital
breadth and bi-maxillofrontale) show a significant departure from the
normal distribution at p < .01, although three (glabella prominence,
orbital breadth and bi-maxillofrontale) do so for only a single region
each (Lake Kutubu, Lake Kutubu and Menyamya respectively). A
significant deviation from the normal distribution for these latter
Yoo coaree c\ mefl^wremenr
three variables is probably the result of a«— inadequate— measurement 
scale. The fourth variable, auriculare-basion, is significantly non­
normal for both the Telefolip-Oksapmin and Lake Kutubu regional 
samples.
Five variables (lambda-inion, foramen magnum breadth, orbital 
height, basion-nasion and the subnasal angle) show inequalities in 
their individual variances when tested using the Bartlett-Box F 
statistic (Table 46). To ensure the validity of the anova results for 
all variables, the Kruskal-Wallis (H) non-parametric analysis of 
variance was also conducted (Table 46) . The parametric and non- 
parametric results are identical except for auriculare-basion (non­
significant F, significant H) . This variable is normally distributed 
for all regions and shows regional equivalence in its variance; on 
this basis the significance indication provided by the parametric 
anova is accepted over that of the non-parametric technique.
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Table 46. Summary statistics for the Highlands Fringe Division
univariate analysis of variance
Bartlett-Box Kruskal-Wallis
Variable F F H
Glabella-opisthocranion 4.345* .733 6.700*
Maximum bi-parietal br. 39.734** .581 29.696**
Bi-auriculare 17.211** 1.313 17.453**
Basion-bregma 4.986* .403 6.632*
Maximum supraorbital br. 6.423** 1.416 10.770**
Minimum postorbital br. 5.426** .267 8.739*
Nasion-bregma .818 .079 2.080
Metopion height .517 .487 1.358
Nasion-metopion 1.134 .281 2.175
Glabella prominence 10.726** 1.737 12.879**
Lambda-bregma 11.282** .111 14.052**
Parietal subtense h t . 7.652** .336 11.289**
Bregma-parietal subtense 5.760** .306 8.161*
Mastoid length .812 .008 1.096
Lambda-asterion . 657 .458 1.242
Lambda-inion 7.412** 3.615* 12.133**
Basion-lambda 8.873** .539 14.638**
Auriculare-basion 2.686 .279 6.879*
Foramen magnum length 1.625 1.223 3.518
Foramen magnum breadth 1.905 3.466* 5.020
Nasion-prosthion 1.911 1.399 3.605
Bi-zygion 16.760** .382 15.640**
Nasion-nasospinale 2.191 1.000 3.322
Nasal breadth 1.880 2.491 2.529
Cheek height .797 .320 1.635
Orbital height 4.342* 5.015** 9.681**
Orbital breadth 5.022* 1.467 8.092*
Bi-maxillofrontale 7.507** .110 12.477**
Nasofrontal articulation 9.176** . 974 9.710**
Alveolar length .539 .298 1.330
Alveolar breadth .100 1.309 .047
Basion-nasion .668 4.000* . 908
Basion-nasospinale .228 .161 .566
Basion-prosthion .163 .880 .176
Nasospinale-prosthion 1.534 .394 3.562
Prosthion angle 1.642 1.367 2.042
Nasospinale angle .451 .742 .240
Subnasal angle 1.756 7.400** 3.812
Cranial module .897 1.310 2.521
Cranial index 49.547** .559 21.554**
Frontal curvature index .216 .232 .494
Parietal curvature index 2.096 1.095 3.354
Upper facial index 22.420** .178 16.926**
Orbital index 12.685** 2.652 13.883**
Nasal index 2.198 .049 3.787
Maxillo-alveolar index .804 1.412 1.272
Gnathic index 2.770 2.362 3.974
= p < .05 = p < .,01
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Table 47. Anova multiple comparisons test results, Highlands Fringe 
Division. An asterisk indicates the regional pair shows 
significant differences at p < .05
Variable
Glabella-opisthocranion 
Maximum bi-parietal br. 
Bi-auriculare 
Basion-bregma 
Maximum supraorbital br. 
Minimum postorbital br. 
Glabella prominence 
Lambda-bregma 
Parietal subtense ht. 
Bregma-parietal subtense 
Lambda-inion 
Basion-lambda 
Bi-zygion 
Orbital height 
Orbital breadth 
Bi-maxillofrontale 
Nasofrontal articulation 
Cranial index 
Upper facial index 
Orbital index
Regional Pairs
ME-TO ME-LK TO-LK
*
*
*
*
*
*
*
★
*
*
*
*
*
*
★
★
★
*
*
*
*
★
*
*
*
*
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A total of 20 variables (17 chords and three indices) show 
significant variation throughout the Highlands Fringe Division. The 
chord variables relate to measures of vault length (glabella- 
opisthocranion, basion-lambda and lambda-inion), vault breadth 
(maximum bi-parietal breadth, bi-auriculare and minimum postorbital 
breadth), vault height (basion-bregma), the form of the parietal 
(lambda-bregma, parietal subtense height and bregma-parietal 
subtense), elements of facial breadth (maximum supraorbital breadth, 
bi-zygion, orbital breadth, bi-maxillofrontale and nasofrontal 
articulation) and glabella prominence.
Significant regional variation in the mean values of the cranial 
index but not for the cranial module indicates that variation in the 
general vault dimensions described above results in shape rather than 
size differences. A non-significant F value for the parietal 
curvature index shows that the significant variation observed, for 
lambda-bregma and bregma-parietal subtense length is again a 
reflection of absolute parietal size differences rather than 
differences in the degree of parietal curvature. Regional variation 
in facial breadth is reflected by significant F values for both the 
upper facial and orbital indices. Non-normal distributions in both 
orbital breadth and bi-maxillofrontale for at least one of the three 
regional samples (see above), however, render their significant F 
values (and hence the significant value for the orbital index) 
suspect.
The results of pairwise comparisons of the regional means based on 
the Scheffe multiple comparisons test for the 20 variables significant 
for F are given in Table 47. These may be summarised as follows:
1. Although orbital breadth shows a significant level of variation 
throughout the Division on the basis of its F value, it is not
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significant for any of the three pairwise comparisons, indicating a 
generalised pattern of low-level regional variation for this variable.
2. Menyamya and Telefolip-Oksapmin are morphologically quite 
similar, only varying significantly in vault breadth and the breadth 
of the nasofrontal articulation. Significant variation between the 
regions in the cranial index is a result of differences in vault 
breadth rather than length. Based on mean values for the index, 
Menyamya is dolichocranic and Telefolip-Oksapmin is mesocranic.
3. Lake Kutubu is clearly differentiated from both Menyamya and 
Telefolip-Oksapmin. Lake Kutubu is differentiated from Menyamya on 
the basis of its narrower vault and upper facial breadth, greater 
vault and orbital height and reduced glabellae. Significant variation 
in vault breadth between these two regions is not enough, however, to 
result in significant variation in the cranial index given equivalent 
vault lengths.
4. The major morphological features differentiating Lake Kutubu 
and Telefolip-Oksapmin appear to be vault length and vault and facial 
breadth. Lake Kutubu is significantly longer than Telefolip-Oksapmin 
for glabella-opisthocranion and three other measurements of posterior 
vault length (lambda-bregma, bregma-parietal-subtense and basion- 
lambda), indicating overall that differences in length are primarily 
the result of an elongated posterior vault in crania from Lake Kutubu. 
Significant differences in mean maximum bi-parietal breadth, bi- 
auriculare and bi-zygion indicate that Lake Kutubu is again 
distinguished by its much narrower vault and facial breadth. This is 
also reflected by significant differences between the two regions in 
the cranial, upper facial and orbital indices.
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Summarising the anova results for the Highlands Fringe Division, 
Lake Kutubu is the most distinctive region and is differentiated from 
both Menyamya and Telefolip-Oksapmin on the basis of its narrower, 
longer vault and narrower upper face. The other two regions appear to 
be similar for most aspects of vault and facial morphology, although 
Telefolip-Oksapmin is much broader bi-parietally than Menyamya.
6.2.2.2 Discriminant and Cluster Analyses
The discriminant analysis for the Highlands Fringe Division 
follows the design of Analysis Three described in Chapter Five. Stage 
1 resulted in a total of five variables being selected for direct 
entry in Stage 2: maximum bi-parietal breadth, lambda-bregma, lambda- 
inion, bi-zygion and nasofrontal articulation. Missing values reduced 
the total number of available cases from 45 to 31. The parent-subset 
regional sample checking procedure indicated that the Telefolip- 
Oksapmin subset is aberrant on the basis of inconsistent variable 
means; this is probably due to the subset containing less than half (5 
from 11) of the original sample cases. Sampling inconsistency is 
probably also responsible for observed changes in the F ratios and 
significance values for five of the original 17 variables entered in 
Stage 1. The overall effect of these sampling inconsistencies on the 
stepwise variable reduction procedure of Stage 1 is not known; 
however, the variables finally selected by the procedure as being the 
major regional discriminators are in accordance with those indicated 
by the anova.
The number of cases used in Stage 2 was reduced from 45 to 32 due 
to missing values (Menyamya 6; Telefolip-Oksapmin 6; Lake Kutubu 20). 
In this instance, reducing the number of variables on the basis of the
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results of Stage 1 has increased the number of available cases by only 
one. This additional case is for the Telefolip-Oksapmin subset. Its 
addition has improved not only the comparability of the parent-subset 
variable means for the region, but also the comparability of the 
univariate F ratios and significance levels of the ‘subset samples for 
all five of the selected variables.
The number of variables is less than the number of cases for all 
three subset samples, allowing the application of Box's M test of 
covariance homogeneity. The associated F ratio was not significant (p 
= .0673) and equivalent levels of dispersion can be assumed for all 
regions.
The two discriminant functions computed by the analysis are given 
in Table 48. Both functions are significant for Wilk's lambda (p <
. 0 0 0 0 ) .
The across-groups correlations between the discriminant functions 
and the discriminating variables (Table 49) indicates that maximum bi­
parietal breadth is the major contributor to group separation on 
function 1, although lambda-bregma, lambda-inion and bi-zygion are 
also highly correlated and are therefore identified as secondary 
discriminators. Group separation on function 2 is the result of 
variation in bi-zygion and nasofrontal articulation.
A plot of the discriminant function scores for all cases and the 
group centroids is given in Figure 20. All three regions are readily 
identified as discrete clusters on the basis of their individual case 
scores. The separation of the group centroids is particularly 
distinct and clearly differentiates Lake Kutubu from Telefolip- 
Oksapmin on function 1, with Menyamya achieving an intermediate 
position. Menyamya is primarily differentiated from both Telefolip-
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Table 48. Summary statistics for the performance of the discriminant 
functions, Highlands Fringe Division discriminant analysis
Function Eigenvalue
% of
Variance
Canonical
Correlation
Wilk's 
Lambda Chi2 d . f . P
1 4.3864 71.72 .9024 .0680 72.58 10 .0000
2 1.7297 28.28 .7960 .3663 27.11 4 .0000
Table 49. Across-groups correlations between discriminating variables 
and discriminant functions 1 and 2, Highlands Fringe Division 
discriminant analysis
Across-groups
correlations
Variable Function 1 Function 2
Maximum bi-parietal breadth 
Lambda-bregma 
Lambda-inion 
Bi-zygion
Nasofrontal articulation
-.8129** 
.7448** 
. 6781** 
-.6165** 
-.3999
-.2176 
.1577 
-.0322 
.5978** 
. 6718**
Number of cases: 32 p < .01 p < .001
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Figure 20. Plot of canonical discriminant function scores for all 
cases and the group centroids, Highlands Fringe Division 
discriminant analysis
Function 1
4.0 + M +
1 M 1
1 MM 1
1 , M M K 1
1 K KK K 1
0 + T K KK + Function 2
1 K K K KK 1
1 TTT T K K K 1
K
-4.0+ +
-6.0 -4.0 -2.0 0 2.0 4.0 6.0
Symbols used in plot: M Menyamya
T Telefolip-Oksapmin 
K Lake Kutubu
Group centroids indicated by bold symbols
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Oksapmin and Lake Kutubu by function 2. In the light of the original 
regional mean values (Tables 43 to 45) and the signs of the 
correlation coefficients in Table 49 for those variables identified as 
the major discriminators on function 1, Lake Kutubu is distinguished 
by long, narrow vaults and narrow faces and Telefolip-Oksapmin by much 
shorter, broader vaults and broader faces. The location of the group 
centroid for Menyamya based on functions 1 and 2 combined suggests 
that this region is characterised by greater facial breadth and vaults 
of intermediate length and breadth.
The group classification results (Table 50) demonstrate that the 
discriminant analysis has been totally successful in differentiating 
the regions, with an overall success rate of 100%.
The pattern of variation suggested by the canonical discriminant 
plot and classification results is one of significant heterogeneity 
between all three of the regions comprising the Highlands Fringe 
Division. However, a cluster analysis based on the discriminant 
results (Figure 21) indicates that Menyamya and Lake Kutubu are far 
more similar to each other than either is to Telefolip-Oksapmin. The 
separation of Telefolip-Oksapmin in this case is presumably a function 
of its significantly greater vault breadth.
6.2.2.3 Summary
A basic similarity between Menyamya and Telefolip-Oksapmin was 
indicated by the results of the anova, the only morphological feature 
distinguishing them being the greater vault breadth of Telefolip- 
Oksapmin. In contrast, Lake Kutubu was clearly differentiated by the 
anova from the other two regions on the basis of its significantly 
greater vault length and narrower vault and facial breadth. The
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Table 50. Group classification results, Highlands Fringe Division 
discriminant analysis
Predicted group membership
Actual group n ME TO LK
Menyamya 6 6 0 0
1001 0 0
Telefolip-Oksapmin 6 0 6 0
0 100 0
Lake Kutubu 20 * 0 0 20
0 0 100
Percent of grouped cases correctly classified: 100.0%
1 Numbers in italics are percentages.
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Figure 21. Highlands Fringe Division regional relationships based on a 
cluster analysis of the three group centroid discriminant 
scores for functions 1 and 2
Rescaled Distance 
10 15
ME
LK
TG
Key: ME Menyamya
TO Telefolip-Oksapmin
LK Lake Kutubu
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results of the discriminant analysis, however, indicate that while 
aspects of vault length and facial breadth are effective regional 
discriminators on a univariate basis, they are of only minor 
importance when compared against the major differentiation of the 
Division based on differences in vault breadth. The cluster analysis 
result clearly demonstrates by its primary separation of Telefolip- 
Oksapmin from the other two regions the overwhelming contribution of 
maximum bi-parietal breadth as the single discriminating morphological 
feature of importance.
6.2.3 South Coast-Lowland Division
Summary statistics for each of the three South Coast-Lowland 
regions (Kikori River [KR], Goaribari Island [GI] and Purari River 
Delta [PR]) are given in Tables 51 to 53 respectively.
6.2.3.1 Univariate Analysis of Variance
The anova results for each of the 47 chord, angle and index 
variables are given in Tables 54 and 55. Underlying assumptions 
(normally distributed variables with equality of variance) were 
assessed using the Shapiro-Wilk statistic (Tables 51 to 53) and the 
Bartlett-Box F statistic (Table 54).
Eight variables show a significant departure from the normal 
distribution at p < .01. Seven of these are significant for only a 
single region each (Kikori River: glabella prominence, parietal
subtense height and the orbital index; Goaribari Island: orbital 
breadth and bi-maxillofrontale; Purari River Delta: foramen magnum
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Table 51. Descriptive statistics for the KiJcori River regional sample.
All chord measurements are given in mm, angles in degrees
n X sd min max W1
Glabella-opisthocranion 36 181.1 4.64 170.0 191.0 . 977
Maximum bi-parietal br. 36 129.1 3.76 123.0 137.0 . 945
Bi-auriculare 36 117.5 4.84 109.0 128.0 . 960
Basion-bregma 36 132.0 4.31 123.0 141.0 . 979
Maximum supraorbital br. 36 106.5 3.67 99.0 113.0 .960
Minimum postorbital br. 36 88.6 2.78 83.0 95.0 .960
Nasion-bregma 36 108.7 3.67 99.0 116.0 .978
Metopion height 36 25.0 2.07 21.0 30.0 .969
Nasion-metopion 36 48.1 3.32 40.0 55.0 . 978
Glabella prominence 36 2.8 1.11 1.0 5.0 .910*
Lambda-bregma 36 115.0 5.50 104.0 125.0 .973
Parietal subtense h t . 36 25.6 2.27 21.0 29.0 .910*
Bregma-parietal subtense 36 59.4 3.14 53.0 66.0 .961
Mastoid length 35 32.3 3.10 26.0 39.0 .970
Lambda-asterion 36 83.1 3.75 74.0 95.0 .939
Lambda-inion 36 66.6 5.05 57.0 76.0 .963
Basion-lambda 36 115.4 3.88 106.0 124.0 .951
Auriculare-basion 36 63.2 2.29 59.0 67.0 .942
Foramen magnum length 36 34.4 2.32 30.0 40.0 .963
Foramen magnum breadth 36 29.6 1.66 26.0 32.0 .928
Nasion-prosthion 34 69.1 4.66 61.0 79.0 .963
Bi-zygion 31 129.0 4.73 121.0 139.0 .970
Nasion-nasospinale 35 53.0 3.23 47.0 59.0 . 956
Nasal breadth 36 27.1 2.19 23.0 32.0 .958
Cheek height 36 21.0 1.92 16.0 24.0 . 953
Orbital height 36 35.0 1.79 32.0 40.0 .954
Orbital breadth 36 39.1 1.64 35.0 42.0 . 956
Bi-maxillofrontale 36 21.4 2.14 17.0 26.0 . 962
Nasofrontal articulation 36 10.2 1.51 8.0 14.0 . 934
Alveolar length 35 59.1 2.84 52.0 64.0 .969
Alveolar breadth 33 66.1 3.36 60.0 75.0 .967
Basion-nasion 36 101.8 3.36 96.0 110.0 .960
Basion-nasospinale 35 98.5 3.53 89.0 107.0 .949
Basion-prosthion 34 102.3 4.55 91.0 110.0 .939
Nasospinale-prosthion 34 17.3 2.74 12.0 25.0 .953
Prosthion angle 34 69.7 2.83 62.9 75.1 .984
Nasospinale angle 35 78.3 3.15 73.4 87.7 . 942
Subnasal angle 34 71.0 6.46 53.9 81.9 . 968
Cranial module 36 147.4 2.96 141.7 153.0 .970
Cranial index 36 71.3 2.52 66.8 77.8 . 945
Frontal curvature index 36 23.0 1.60 20.4 26.1 .962
Parietal curvature index 36 22.2 1.43 19.3 25.0 .973
Upper facial index 29 53.7 3.54 47.3 59.4 .943
Orbital index 36 89.6 4.25 82.1 100.0 .419*
Nasal index 35 51.3 3.73 44.2 59.6 .980
Maxillo-alveolar index 33 112.5 6.17 101.7 123.1 .956
Gnathic index 34 100.6 3.85 91.0 109.1 .984
Shapiro-Wilk statistic * = p < .01
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Table 52. Descriptive statistics for the Goaribari Island regional 
sample. All chord measurements are given in mm, angles in 
degrees
n X sd min max W1
Glabella-opisthocranion 85 173.6 7.78 155.0 191.0 . 978
Maximum bi-parietal br. 85 135.6 6.31 120.0 152.0 . 979
Bi-auriculare 85 117.0 5.32 103.0 132.0 . 971
Basion-bregma 65 131.8 4.65 121.0 142.0 . 967
Maximum supraorbital br. 85 103.7 3.85 93.0 112.0 . 972
Minimum postorbital br. 85 87.2 3.74 77.0 95.0 .953
Nasion-bregma 85 109.4 4.90 98.0 122.0 .953
Metopion height 85 23.6 3.09 16.0 34.0 . 975
Nasion-metopion 85 49.8 3.66 43.0 60.0 .959
Glabella prominence 85 3.0 1.06 1.0 6.0 . 980
Lambda-bregma 85 108.0 6.57 91.0 123.0 .951
Parietal subtense h t . 85 24.7 2.97 16.0 33.0 .967
Bregma-parietal subtense 85 56.9 4.86 46.0 67.0 . 957
Mastoid length 75 30.9 2.89 24.0 41.0 .941
Lambda-asterion 85 82.7 5.31 72.0 100.0 . 932
Lambda-inion 85 65.5 6.57 49.0 82.0 . 973
Basion-lambda 66 114.3 5.15 103.0 130.0 . 970
Auriculare-basion 70 63.3 3.66 56.0 76.0 . 935
Foramen magnum length 27 35.1 2.89 29.0 41.0 .950
Foramen magnum breadth 29 29.4 2.60 24.0 37.0 . 921
Nasion-prosthion 79 68.0 4.38 57.0 79.0 .980
Bi-zygion 57 128.3 5.05 118.0 139.0 .974
(Nasion-nasospinale 84 52.0 2.93 44.0 60.0 .963
Nasal breadth 82 25.1 1.67 22.0 29.0 .918'
Cheek height 85 21.1 2.29 16.0 28.0 .981
Orbital height 85 33.4 1.87 29.0 38.0 . 939
Orbital breadth 85 39.2 1.91 35.0 43.0 .928
Bi-maxillofrontale 83 21.4 2.08 17.0 28.0 .872
Nasofrontal articulation 85 10.9 2.26 6.0 16.0 .950
Alveolar length 78 56.9 3.24 51.0 67.0 . 958
Alveolar breadth 74 64.9 3.10 56.0 71.0 .965
Basion-nasion 66 97.5 3.93 90.0 105.0 . 955
Basion-nasospinale 65 93.5 4.16 79.0 100.0 .951
Basion-prosthion 63 99.2 4.62 88.0 110.0 .965
Nasospinale-prosthion 79 18.4 2.94 11.0 26.0 .980
Prosthion angle 62 68.4 3.28 62.2 77.7 .967
Nasospinale angle 65 78.3 3.79 71.6 89.8 .936
Subnasal angle 62 66.7 7.90 49.1 85.4 . 974
Cranial module 66 147.0 3.89 138.3 153.3 . 954
Cranial index 85 78.3 5.68 66.5 89.8 .957
Frontal curvature index 85 21.5 2.37 15.2 29.3 .986
Parietal curvature index 85 22.9 2.25 17.1 27.3 . 961
Upper facial index 53 52.9 2.98 48.5 63.9 .936
Orbital index 85 85.5 5.19 72.5 97.4 .981
Nasal index 82 48.5 4.00 38.6 63.6 .980
Maxillo-alveolar index 73 114.4 6.68 100.0 128.3 . 974
Gnathic index 63 101.8 4.05 92.2 111.5 . 988
1 Shapiro-Wilk statistic * = P < .011
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Table 53. Descriptive statistics for the Purari River Delta regional 
sample. All chord measurements are given in mm, angles in 
degrees
n X sd min max w1
Glabella-opisthocranion 27 181.8 3.96 173.0 188.0 .951
Maximum bi-parietal br. 27 128.0 5.07 118.0 137.0 .969
Bi-auriculare 27 113.5 4.68 105.0 123.0 . 971
Basion-bregma 27 131.0 4.51 124.0 141.0 .961
Maximum supraorbital br. 27 103.6 4.09 97.0 114.0 . 927
Minimum postorbital br. 27 88.1 3.39 83.0 95.0 . 945
Nasion-bregma 27 109.2 3.42 103.0 117.0 . 974
Metopion height 27 26.0 2.15 21.0 30.0 . 963
Nasion-metopion 27 48.1 3.38 41.0 54.0 .948
Glabella prominence 27 3.2 1.30 1.0 6.0 .934
Lambda-bregma 27 115.6 4.34 109.0 128.0 . 954
Parietal subtense ht . 27 26.3 2.38 22.0 34.0 . 915
Bregma-parietal subtense 27 60.1 3.03 55.0 66.0 .964
Mastoid length 26 30.6 3.91 22.0 37.0 .963
Lambda-asterion 27 81.4 5.21 72.0 91.0 .968
Lambda-inion 27 67.0 6.03 58.0 81.0 .962
Basion-lambda 27 115.6 4.29 109.0 127.0 . 955
Auriculare-basion 27 60.8 2.91 55.0 67.0 . 970
Foramen magnum length 27 35.3 2.21 31.0 38.0 .887*
Foramen magnum breadth 27 30.4 2.82 25.0 36.0 .973
Nasion-prosthion 24 66.8 4.39 58.0 74.0 . 954
Bi-zygion 19 125.6 5.72 115.0 137.0 . 959
Nasion-nasospinale 27 50.9 2.79 45.0 55.0 . 944
Nasal breadth 27 25.6 1.15 23.0 2*7.0 . 890*
Cheek height 27 21.1 2.36 17.0 27.0 .942
Orbital height 27 32.9 1.93 30.0 37.0 . 930
Orbital breadth 27 37.7 1.24 36.0 40.0 . 900
Bi-maxillofrontale 27 22.1 2.01 19.0 26.0 . 938
Nasofrontal articulation 26 10.3 2.05 6.0 15.0 . 971
Alveolar length 25 57.6 2.69 53.0 63.0 .956
Alveolar breadth 25 64.2 2.58 60.0 70.0 .965
Basion-nasion 27 98.2 3.17 90.0 103.0 . 924
Basion-nasospinale 27 95.7 4.13 88.0 102.0 . 951
Basion-prosthion 24 101.3 4.45 94.0 108.0 . 946
Nasospinale-prosthion 24 15.6 2.92 10.0 20.0 .950
Prosthion angle 24 68.0 3.48 61.0 74.4 .966
Nasospinale angle 27 77.6 3.92 71.0 86.6 .967
Subnasal angle 24 65.9 5.50 53.8 75.0 .958
Cranial module 27 146.9 3.08 141.7 154.7 . 971
Cranial index 27 70.5 3.29 63.4 77.0 .981
Frontal curvature index 27 23.8 1.72 19.4 26.6 .968
Parietal curvature index 27 22.7 1.74 19.7 26.6 . 972
Upper facial index 16 53.7 4.30 46.9 60.2 .950
Orbital index 27 87.4 4.90 77.5 97.4 . 971
Nasal index 27 50.5 3.83 43.6 57.4 . 942
Maxillo-alveolar index 25 111.5 5.74 104.8 128.3 .866*
Gnathic index 24 103.1 4.12 94.9 112.6 . 982
1 Shapiro-Wilk statistic * = p < .011
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Table 54. Summary statistics for the South Coast-Lowland Division 
univariate analysis of variance
Variable F
Bartlett-Box
F
Kruskal-Wallis
H
Glabella-opisthocranion 25.414** 10.840** 39. 295**
Maximum bi-parietal br. 28.811** 5.821** 45. 113**
Bi-auriculare 5.880** . 418 11. 122**
Basion-bregma .420 .127 •644
Maximum supraorbital br. 7.449** .174 13. 253**
Minimum postorbital br. 2.245 1.985 3. 623
Nasion-bregma .342 3.415* .176
Metopion height 9.519** 4.912** 18 .060**
Nasion-metopion 4.280** .281 7 .278*
Glabella prominence .772 .865 1 .115
Lambda-bregma 26.251** 3.173* 41. 352**
Parietal subtense ht. 3.847* 2.087 7 .843*
Bregma-parietal subtense 8.647** 6.622** 15. 268**
Mastoid length 2.841 1.854 6. 673*
Lambda-asterion .943 2.730 1 .708
Lambda-inion .826 1.569 1 .415
Basion-lambda 1.009 1.859 2 .103
Auriculare-basion 6.956** 4.711** 12 .,387**
Foramen magnum length 1.223 1.113 2 .,729
Foramen magnum breadth 1.624 4.579* 2., 624
Nasion-prosthion 1.942 .090 2 .,734
Bi-zygion 2.789 .411 3..769
Nasion-nasospinale 3.708* .360 5..224
Nasal breadth 15.506** 5.692** - 22,.307**
Cheek height .065 .840 .055
Orbital height 12.005** .090 21 .714**
Orbital breadth 8.310** 3.244* 16 .676**
Bi-maxillofrontale 1.375 .052 3 .096
Nasofrontal articulation 1.918 3.484* 3 .514
Alveolar length 6.279** .805 12 . 685**
Alveolar breadth 3.169* . 924 5 .312
Basion-nasion 16.571** 1.073 26 .771**
Basion-nasospinale 18.143** .603 30 .811**
Basion-prosthion 5.444** .025 10 .127**
Nasospinale-prosthion 9.106** .116 14 .640**
Prosthion angle 2.508 .630 5 . 615
Nasospinale angle .394 .890 . 940
Subnasal angle 5.060** 2.273 10 .530**
Cranial module .175 2.042 .282
Cranial index 44.538** 15.217** 56 .441**
Frontal curvature index 14.822** 4.383* 26 .485**
Parietal curvature index 1.394 4.907** 3 .994
Upper facial index . 603 1.826 1.307
Orbital index 9.231** .907 17 .260**
Nasal index 7.378** .128 14 .096**
Maxillo-alveolar index 2.205 .437 4.486
Gnathic index 2.840 .073 5. 479
p < .05 * * p < . 01
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Table 55. Anova multiple comparisons test results, South Coast-Lowland 
Division. An asterisk indicates the regional pair shows 
significant differences at p < .05
Regional Pairs
Variable KR-GI KR-PR GI-PR
Glabella-opisthocranion * k
Maximum bi-parietal br. * k
Bi-auriculare ★ *
Maximum supraorbital br. * ★
Metopion height k *
Nasion-metopion k
Lambda-bregma k k
Parietal subtense ht . k
Bregma-parietal subtense k k
Auriculare-basion ★ k
Nasion-nasospinale ★
Nasal breadth k ★
Orbital height k ★
Orbital breadth ★ k
Alveolar length k
Alveolar breadth
Basion-nasion k *
Basion-nasospinale k ★
Basion-prosthion k
Nasospinale-prosthion ★
Subnasal angle k ★
Cranial index k k
Frontal curvature index k k
Orbital index k
Nasal index k
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breadth and the maxillo-alveolar index). Nasal breadth is significant 
for both Goaribari Island and Purari River Delta. The five chord 
measurements are all small dimensions and their significant non-normal
too adistributions are probably the result of an— f-n-adequa t e- measurement 
scale. The performance of these variables will be monitored 
throughout the analysis.
Fourteen variables show significant inequalities in their 
individual variances when tested using the Bartlett-Box F statistic 
(Table 54) . This number is far greater than those identified in the 
previous three Divisional analyses (Central Highlands 5; North Coast- 
Lowland 2; Highlands Fringe 5) and indicates a substantially increased 
level of internal variability for at least one of the South Coast- 
Lowland regional samples. In fact, for eight of these variables 
(glabella-opisthocranion, maximum bi-parietal breadth, nasion-bregma, 
metopion height, bregma-parietal subtense, cranial index, frontal 
curvature index and parietal curvature index), the variance estimate 
for Goaribari Island greatly exceeds that for both the Kikori River 
and the Purari River Delta (Table 56) , with the variances of the 
latter two regions being comparable in each case. Of the remaining 
six variables listed in Table 56, the Kikori River is outstanding on 
the basis of its variance values for three (auriculare-basion, foramen 
magnum breadth and nasofrontal articulation). The last three 
variables (lambda-bregma, nasal breadth and orbital breadth) appear to 
have roughly equivalent levels of variance difference between the 
three regions.
If the nine variables for which Goaribari Island is notable for 
unequal variance are considered alone, inspection of the regional 
minimum and maximum values for each variable (Table 56) indicates that
the increased variance for Goaribari Island is probably related to an
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Table 56. Comparison of regional minimum and maximum values and 
variance estimates for variables with significant variance 
inequality, South Coast-Lowland Division
Variable n X Min. Max. Variance
Glabella-opisthocranion KR 36 181.1 170 191 21.56
GI 85 173.6 155 191 60.57
PR 27 181.8 173 188 15.72
Maximum bi-parietal br. KR 36 129.1 123 137 14.14
GI 85 135.6 120 152 39.88
PR 27 128.0 118 137 25.69
Nasion-bregma KR 36 108.7 99 116 13.49
GI 85 109.4 98 122 23.98
PR 27 109.2 103 117 11.70
Metopion height KR 36 25.0 21 30 4.29
GI 85 23.6 16 34 9.58
PR 27 26.0 21 30 4.62
Lambda-bregma KR 36 115.0 104 125 30.23
GI 85 108.0 91 123 43.24
PR 27 115.6 109 128 18.87
Bregma-parietal subtense KR 36 59.4 53 66 9.85
GI 85 56.9 46 67 23.65
PR 27 60.1 55 66 9.21
Auriculare-basion KR 36 63.2 59 67 5.23
GI 70 63.3 56 76 3.66
PR 27 60.8 55 67 2.91
Foramen magnum breadth KR 36 29.6 26 32 2.76
GI 29 29.4 24 37 6.74
PR 27 30.4 25 36 7.95
Nasal breadth KR 36 27.1 23 32 4.80
GI 82 25.1 22 29 2.80
PR 27 25.6 23 27 1.32
Orbital breadth KR 36 39.1 35 42 2.71
GI 85 39.2 35 43 3.65
PR 27 37.7 36 40 1.54
Nasofrontal articulation KR 36 10.2 8 14 2.29
GI 85 10.9 6 16 5.12
PR 26 10.3 6 15 4.20
Cranial index KR 36 71.3 66.8 77.8 6.36
GI 85 78.3 66.5 89.8 32.22
PR 27 70.5 63.4 77.0 10.83
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Table 56 continued:
Variable n X Min. Max. Variance
Frontal curvature index KR 36 23.0 20.4 26.1 2.57
GI 85 21.5 15.2 29.3 5.63
PR 27 23.8 19.4 26.6 1.72
Parietal curvature index KR 36 22.2 19.3 25.0 2.04
GI 85 22.9 17.1 27.3 5.06
PR 27 22.7 19.7 26.6 3.01
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expansion in the ranges of the recorded values over the other two 
regions. Using glabella-opisthocranion as an example, the minimum 
values for the Kikori River and Purari River Delta samples are quite 
comparable, as are the maximum values for all three samples. However, 
the minimum value for Goaribari Island is far less than those of the 
other two, resulting in a unidirectional expansion in the range of 
values recorded for the sample. Of the nine variables under 
consideration, a unidirectional expansion of the Goaribari Island 
range occurs in six and a bidirectional expansion (encompassing the 
total ranges of the other two regions) occurs in the remaining three. 
All nine variables are restricted to features of the vault: 
specifically, vault length, vault breadth and frontal and parietal 
curvature.
It appears that the internal pattern of morphological variation 
within the Goaribari Island regional sample has been influenced by a 
factor or factors unique to the region. The observation of a 
significant increase in the variance estimates over a large number of 
variables, related to a mostly unidirectional expansion in value 
ranges and consistently isolating the same region, has not been made 
for any other division.
To ensure the validity of the anova result for all variables, the 
Kruskal-Wallis (H) non-parametric analysis of variance was again 
conducted for all variables (Table 54) . Only three variables showed 
differences in their significance indications for the two analyses: 
nasion-nasospinale and alveolar breadth (significant F, non­
significant H) and mastoid length (non-significant F, significant H). 
All three of these variables are normally distributed and show 
regional equivalence in their variances; on this basis, the parametric
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significance indications are accepted over those of the non- 
parametric.
A total of 25 variables (20 chords, one angle and four indices) 
display significant levels of variation throughout the Division on the 
basis of the anova results. The chord variables relate to measures of 
vault length (glabella-opisthocranion), vault breadth (maximum bi­
parietal breadth, bi-auriculare and auriculare-basion), the form of 
both the frontal (metopion height and nasion-metopion) and the 
parietal (lambda-bregma, parietal subtense height and bregma-parietal 
subtense) and elements of facial height (nasion-nasospinale and 
orbital height), facial breadth (maximum supraorbital breadth, nasal 
breadth, orbital breadth and alveolar breadth), and facial prognathism 
(basion-nasion, basion-nasospinale, basion-prosthion and nasospinale- 
prosthion).
Regional variation in chord measures of vault length and breadth 
are reflected by a highly significant F value for the cranial index. 
A non-significant value for the cranial module indicates that while 
vault shape is variable, vault size remains relatively constant 
throughout the Division. Chord indications of significant variability 
in the form of the frontal bone are confirmed by the significant F 
value for the frontal curvature index. A lack of significant 
variation in the parietal curvature index suggests that variation in 
its chord components is the result of absolute increases in parietal 
size only. Regional variation in facial height and breadth is 
reflected in significant F values for both the orbital and nasal 
indices.
The only summary variable indicating a significant level of 
variation in facial prognathism is the subnasal angle. In the absence 
of variation in the gnathic index and the prosthion and nasospinale
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angles, this suggests that the previous observation of significant 
variation in all of the chord measures of facial prognathism is mostly 
the result of absolute size differences in the facial skeleton rather 
than relative shape differences.
The results of pairwise comparisons of the regional means based on 
the Scheffe multiple comparisons test for the 25 variables significant 
for F are given in Table 55. These results may be summarised as 
follows:
1. Although alveolar breadth shows a significant level of 
variation throughout the Division on the basis of its F value, it is 
not significant for any of the three pairwise comparisons, indicating 
only a generalised pattern of low-level regional variation.
2. All three regions are distinguished from each other by various 
combinations of vault and/or facial variables. However, the 
particular combinations distinguishing each region differ in each of 
the pairwise comparisons. The Kikori River is distinguished from 
Goaribari Island by a combination of both vault and facial features: 
specifically, the Kikori River is characterised by longer, narrower 
vaults; mean values of the cranial index indicate Kikori River is 
dolichocranic whereas Goaribari Island is mesocranic. The greater 
vault length of the Kikori River is primarily a function of increased 
parietal size or elongation of the posterior vault. There is a 
greater degree of frontal curvature, and the facial skeletons are 
larger and broader, with higher orbits and generally less subnasally 
prognathic faces.
3. A similar suite of facial features also distinguishes the 
Kikori River from the Purari River Delta: all chord measures of nasal 
height and breadth, orbital height and breadth and facial prognathism
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are greater for the Kikori River. In the absence of significant 
variation in all of the facial indices apart from the subnasal angle, 
this may be taken to indicate that the primary distinguishing 
morphological feature is again the size rather than the shape of the 
facial skeleton. The only significant vault measurements separating 
these two regions relate to basal vault breadth (bi-auriculare, 
auriculare-basion).
4. The same vault features identified as separating the Kikori 
River from Goaribari Island are also identified in the pairwise 
comparison of Goaribari Island and the Purari River Delta. 
Specifically, Goaribari Island is characterised by a reduced posterior 
vault length, greater vault breadth (mean values of the cranial index 
indicate Goaribari Island is mesocranic, whereas the Purari River 
Delta is dolichocranic) and a reduction in the degree of frontal 
curvature. In this instance, the only facial feature separating the 
two regions is the greater orbital height of Goaribari Island.
Summarising the anova results, the South Coast-Lowland Division is 
heterogeneous for a variety of vault and facial characteristics. 
However, these features are not consistent in their regional 
separations. The Kikori River is distinguished by larger facial 
skeletons, whereas Goaribari Island is distinguished by posteriorly 
shorter and broader vaults with a reduced degree of frontal curvature. 
The Purari River Delta is intermediate to both of these regions for 
various combinations of the same vault and facial features.
6.2.3.2 Discriminant and Cluster Analyses
The discriminant analysis for the South Coast-Lowland Division 
again follows the design of Analysis Three described in Chapter Five.
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Stage 1 resulted in a total of eight variables being selected for 
inclusion in Stage 2: glabella-opisthocranion, maximum bi-parietal 
breadth, maximum supraorbital breadth, lambda-bregma, orbital height, 
orbital breadth, basion-nasion and nasospinale-prosthion. Missing 
values reduced the number of available cases from 148 to 110. The 
parent-subset regional sample checking procedure confirmed that the 
subset samples selected by the analysis were accurate representations 
of their parent groups based on comparable regional means and F 
values.
The number of cases used in Stage 2 was reduced from 148 to 120 
(Kikori River 34; Goaribari Island 62; Purari River Delta 24). Box's 
M test of covariance homogeneity was not significant (p = .1708, 
indicating equivalent levels of dispersion between the three regional 
subsets. This result is somewhat surprising, given that four of the 
eight variables entered in Stage 2 (glabella-opisthocranion, maximum 
bi-parietal breadth, lambda-bregma and orbital breadth) show 
significant levels of inequality in their univariate variances (Tables 
54 and 56).
Only one of the variables entered in Stage 2 (orbital breadth) has 
a significantly non-normal distribution, this being so for Goaribari 
Island. The variable has been maintained in the analysis on the 
strength of comments made previously concerning the robusticity of 
discriminant analysis in relation to non-normal multivariate 
distributions.
The two discriminant functions computed by the analysis are given 
in Table 57. Both functions are significant for Wilk's lambda (p = 
. 0000) . Function 1 accounts for 76.3% of the total variance and so is
described as the major discriminator.
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Table 57. Summary statistics for the performance of the discriminant 
functions, South Coast-Lowland Division discriminant analysis
% of Canonical Wille' a
Function Eigenvalue Variance Correlation Lambda Chi2 d.f. P
1 1.3224 76.26 .7546 .3050 134.77 16 .0000
2 .4118 23.74 .5401 .7083 39.14 7 .0000
Table 58. Across-groups correlations between discriminating variables 
and discriminant functions 1 and 2, South Coast-Lowland 
Division discriminant analysis
Across-groups
correlations
Variable Function 1 Function 2
Glabella-opisthocranion 
Maximum bi-parietal breadth 
Maximum supraorbital breadth 
Lambda-bregma 
Orbital height 
Orbital breadth 
Basion-nasion 
Nasospinale-prosthion
Number of cases: 120 P <
-.6576** -.0438
.7283** .0679
-.2431* .4336**
-.6736** -.0277
-.1365 .7252**
.2835** .5066**
-.4518** .5721**
.3920** .3355**
01 ** p < .001
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The across-groups correlations (Table 58) indicate that while 
almost all of the variables are in some way correlated with function 
1, it is the three vault variables (glabella-opisthocranion, maximum 
bi-parietal breadth and lambda-bregma) which are identified as the 
major contributors to group separation. Conversely, group separation 
on function 2 is the result of variation in facial features alone, the 
major contributors being orbital height and breadth and basion-nasion 
length. Thus, function 1 is characterised as a vault discriminator, 
whereas function 2 is clearly a facial discriminator.
A plot of the discriminant function scores is given in Figure 22. 
The positions of the individual group cases suggest some degree of 
group separation. This is more apparent when the relative positions 
of the group centroids are considered. Function 1, identified as the 
major component of group separation, clearly separates Goaribari 
Island from both the Kikori River and the Purari River Delta. In the 
light of the original mean values (Tables 51 to 53) and of the signs 
of the correlation coefficients (Table 58) for the vault variables 
identified as the major contributors to the function, Goaribari Island 
is distinguished by its much shorter vault length (primarily due to a 
reduction in the posterior vault) and greater vault breadth. The 
Kikori River and the Purari River Delta are almost identical with 
respect to these vault characteristics and are only marginally 
separated in the plot by function 2, which has been described as a 
facial discriminator. The Kikori River is distinguished from the 
Purari River Delta by its greater facial size, but this separation is 
minor when compared with the major separation of Goaribari Island.
The group classification results (Table 59) accurately reflect the 
canonical plot and, with an overall success rate of 82.5%, indicate
that the Division is well differentiated. Kikori River and Goaribari
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Figure 22. Plot of canonical discriminant function scores for all 
cases and the group centroids, South Coast-Lowland Division 
discriminant analysis
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results, South Coast-Lowland DivisionTable 59. Group classification 
discriminant analysis
Actual group
Kikori River
Goaribari Island 
Purari River Delta
Predicted group membership
n KR GI PR
34 28 3 3
82. 41 8.8 8.8
62 5 53 4
8.1 85.5 6. 4
24 4 2 18
16.7 8.3 75.0
Percent of grouped cases correctly classified: 82.5%
1 Numbers in italics are percentages.
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Island are each misclassif ied in approximately 16% of cases. The 
Purari River Delta achieves a higher rate of misclassification (25%) , 
the majority of these being with the Kikori River. This can be taken 
to indicate a general level of similarity between these two regions 
when compared with Goaribari Island, despite the differences between 
them in elements of facial morphology described above.
The results of the cluster analysis (Figure 23) confirm the 
pattern of regional relationships illustrated by both the canonical 
discriminant plot and the classification results. Goaribari Island is 
well differentiated from the rest of the division, and a high degree 
of similarity between the Kikori River and the Purari River Delta is 
inferred.
6.2.3.3 Summary
Summarising the results of the statistical analyses for the South 
Coast-Lowland Division, there is basic agreement between the pattern 
of regional diversity described by both the anova and discriminant 
procedures. There is also agreement in the morphological features 
identified by each as the major contributors to that pattern. The 
anova results describe a pattern of regional heterogeneity that is due 
primarily to differences in vault length and breadth which distinguish 
Goaribari Island from the other two regions, and also due to 
differences in the size of the facial skeleton which distinguish the 
Kikori River from the other two regions. The discriminant and cluster 
analyses describe the same basic pattern of regional heterogeneity, 
and further complement those of the anova by indicating that aspects 
of regional differentiation based on elements of facial size are of
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Figure 23. South Coast-Lowland Division regional relationships based 
on a cluster analysis of the three group centroid discriminant 
scores for functions 1 and 2
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far less importance when compared with the pattern based on vault 
shape.
Goaribari Island is therefore identified as an aberrant region 
within the Division on the basis of its extremely reduced posterior 
vault length and increased vault breadth. These same morphological 
features, as well as frontal curvature, were also identified in the 
anova analysis as isolating Goaribari Island due to increased values 
for their variance estimates. This is presumably the result of a 
unique contribution to the pattern of morphological variation within 
Goaribari Island which may or may not be genetic in origin and which 
affects only the vault. Further discussion is reserved for the 
following section.
6.3 Analysis of Combined Non-Highlands Divisions 
6.3.1 Introduction
The purpose of this section is to establish the general pattern of 
regional variation that exists throughout the three non-Highlands 
Divisions. This is important for two reasons. First, it provides a 
baseline for the identification of potential regional outliers (eg. 
Goaribari Island). Secondly, it enables the assessment of whether or 
not there is any basis for comparing the Central Highlands Division 
with a single sample combining all three non-Highlands Divisions.
Comparing the results of the individual Divisional analyses in
Section 6.2 with the results of Chapter Five, it is apparent that the
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level of regional heterogeneity within the Central Highlands Division 
is substantially less than the levels described for the three non- 
Highlands Divisions. This observation is best illustrated by 
comparing the number of chord variables for each division which are 
significant on the basis of the individual anovas (Tables 21, 38, 46 
and 54): Central Highlands - 11; North Coast-Lowland - 21; Highlands 
Fringe - 17; South Coast-Lowland - 20. Using these figures as a 
simple index of the degree of regional heterogeneity, the Central 
Highlands Division has close to half the range of internal variability 
exhibited by each of the other three Divisions.
It is not surprising that both the North Coast-Lowland and 
Highlands Fringe Divisions should exhibit a much greater degree of 
internal regional variability, given the artificial way (in linguistic 
and cultural terms) in which they were constructed and the large 
geographical area encompassed by each. However, if geographical 
closeness of the regional samples were to be taken as a predictor of 
levels of internal variation within a Division, the South Coast- 
Lowland Division should register as being the most homogeneous of all, 
including the Central Highlands. The fact that it is the most 
regionally heterogeneous Division further indicates that it is the 
recipient of a unique contribution to the general suite of factors 
which determine morphological variation throughout the country as a 
whole.
6.3.2 Statistical Analyses
Following the statistical procedures used so far, a discriminant 
and cluster analysis incorporating all 12 of the non-Highlands regions 
is preceded by a univariate analysis of variance for all of the chord,
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angle and index variables. A multiple comparisons test has not been 
conducted, primarily because it would have resulted in a total of 66 
pairwise comparisons. The results of such an analysis would have been 
difficult to present and interpret sensibly.
The results of the anova are given in Table 60. Only three chord 
variables (lambda-asterion, lambda-inion and nasion-prosthion) and a 
single angle (prosthion angle) are not significant at p < .05 and most 
variables are in fact significant at p < .01. This indicates an 
extremely high degree of significant regional variation throughout 
the combined non-Highlands Divisions for almost all aspects of vault 
and facial morphology. The results of the Kruskal-Wallis non- 
parametric analysis of variance (Table 60) confirm this observation.
Because 33 of the total 35 chord variables are significantly 
different between the 12 non-Highlands regions on the basis of the 
anova, all 35 chord variables were entered into Stage 1 of a 
discriminant analysis following the design of Analysis Two described 
in Chapter Five. Missing values reduced the number of cases available 
in Stage 1 from 334 to 158. The parent-subset regional sample 
checking procedure indicated that some of the smaller regional subset 
samples are atypical of their parent regional samples for many 
individual variable means. The F values for the regional subsets 
univariate analysis of variance are also often irregular, but the 
significance indications for most variables remain consistent with 
those given for the full regional samples anova (Table 60).
The 16 variables selected for direct entry in Stage 2 are as 
follows: glabella-opisthocranion, maximum bi-parietal breadth, basion- 
bregma, maximum supraorbital breadth, minimum postorbital breadth, 
glabella prominence, lambda-bregma, parietal subtense height, 
auriculare-basion, nasal breadth, cheek height, orbital height,
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Table 60. Summary statistics for the combined non-Highlands Divisions 
univariate analysis of variance
Bartlett-Box Kruskal-Wallis
Variable F F H
Glabella-opisthocranion 9.907** 2.979** 73.384**
Maximum bi-parietal br. 15.917** 3.617** 116.349**
Bi-auriculare 6.548** 1.752 59.402**
Basion-bregma 8.504** .498 70.074**
Maximum supraorbital br. 4.827** 1.035 48.226**
Minimum postorbital br. 6.263** .912 57.823**
Nasion-bregma 2.339** 1.585 22.486*
Metopion height 2.214* 1.978* 25.105**
Nasion-metopion 2.096* .170 21.900*
Glabella prominence 2.797** 1.089 26.208**
Lambda-bregma 10.163** 1.033 85.223**
Parietal subtense ht. 3.452** .622 36.327**
Bregma-parietal subtense 2.534** 4.216** 31.155**
Mastoid length 3.776** .745 35.696**
Lambda-asterion 1.244 1.541 15.486
Lambda-inion 1.764 2.154* 20.999*
Basion-lambda 1.843* 2.289** 25.481**
Auriculare-basion 5.232** 2.063* 51.945**
Foramen magnum length 4.042** .965 40.558**
Foramen magnum breadth 2.130* 2.274** 24.118*
Nasion-prosthion 1.485 .776 17.205
Bi-zygion 7.288** .403 56.398**
Nasion-nasospinale 5.322** 1.055 50.664**
Nasal breadth 7.781** 1.875* 69.627**
Cheek height 4.403** .57 9 39.320**
Orbital height 4.691** 1.559 47.128**
Orbital breadth 3.563** 2.695** 38.413**
Bi-maxillofrontale 3.391** .502 33.236**
Nasofrontal articulation 3.737** 1.718 34.823**
Alveolar length 2.801** .384 30.124**
Alveolar breadth 4.747** 1.271 42.009**
Basion-nasion 5.888** 1.190 54.128**
Basion-nasospinale 4.110** . 917 42.781**
Basion-prosthion 1.880* . 650 18.441
Nasospinale-prosthion 5.424** .806 47.602**
Prosthion angle 1.730 1.152 19.209
Nasospinale angle 4.557** 1.675 47.042**
Subnasal angle 2.202* 2.224* 25.291**
Cranial module 3.490** 1.199 37.222**
Cranial index 23.088** •4r «4r7.371 135.551**
Frontal curvature index 3.372** 1.550 35.921**
Parietal curvature index 4.245** 1.529 41.081**
Upper facial index 3.880** . 922 36.073**
Orbital index 5.442** 1.021 51.825**
Nasal index 5.061** 1.153 49.001**
Maxillo-alveolar index 3.606** 1.101 32.894**
Gnathic index 1.951* 1.206 20.107*
* = p < .05 ** = p < .01
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orbital breadth, nasofrontal articulation, alveolar breadth and 
basion-nasion. These variables incorporate a range of vault and 
facial characteristics. Missing values reduced the number of cases 
available for Stage 2 from 334 to 264 (Buang Mountains 23; Upper 
Markham Valley 41; Finschhafen Coast 38; Astrolabe Bay 6; Upper Sepik 
River 5; Wutung 2; Menyamya 6; Telefolip-Oksapmin 6; Lake Kutubu 25; 
Kikori River 33; Goaribari Island 55; Purari River Delta 24) . The 
parent-subset regional sample checking procedure in this instance 
suggests that the subset samples are more accurate reflections of 
their parent regional samples.
The number of variables exceeds the number of cases for five of 
the subset samples and so Box's M test was restricted to the remaining 
seven. The associated F ratio is highly significant (p < .0000) and 
indicates unequal levels of group dispersion. Inspection of the 
individual regional values of the log determinants of the covariance 
matrices indicates that Goaribari Island is probably the single region 
contributing most to covariance inequality.
The first seven discriminant functions computed by the analysis 
(Table 61) are all significant for Wilk's lambda (p < .05) . For the 
sake of brevity and ease of presentation and discussion, only the 
first three functions will be considered further. These three 
functions combined account for 64.9% of the total variance.
The across-groups correlations (Table 62) indicate that group 
separation on function 1 is primarily the result of variation in 
maximum bi-parietal breadth, glabella-opisthocranion length and 
lambda-bregma length. This function can therefore be described as a 
vault length and breadth discriminator. It should be noted that 
differences in overall vault length are the result of a reduction in 
the posterior vault (indicated by lambda-bregma in the absence of
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Table 61. Summary statistics for the performance of the discriminant 
functions, combined non-Highlands Divisions discriminant 
analysis
% of Canonical Wilk's
Function Eigenvalue Variance Correlation Lambda Chi2 d.f. P
1 1.2840 33.14 .7498 .0511 740.45 176 .0000
2 . 6646 17.15 .6319 .1167 534.79 150 .0000
3 .5678 14.65 .6018 .1943 407.90 126 .0000
4 .4770 12.31 .5683 .3047 295.94 104 .0000
5 .3306 8.53 .4984 .4500 198.82 84 .0000
6 .2465 6.36 . 4447 .5988 127.71 66 .0000
7 .1030 2.66 .3056 .7463 72.85 50 .0191
8 .0992 2.56 .3004 .8232 00 36 .0805
9 .0496 1.28 .2174 . 9049 24.89 24 .4119
10 .0307 .79 .1725 . 9498 12.84 14 .5395
11 .0216 .56 .1453 .9789 5.31 6 .5047
Table 62. Across-groups correlations between discriminating variables 
and discriminant functions 1, 2 and 3, combined non-Highlands
Divisions discriminant analysis
Variable
Glabella-opisthocranion 
Maximum bi-parietal breadth 
Basion-bregma
Maximum supraorbital breadth
Minimum postorbital breadth
Glabella prominence
Lambda-bregma
Parietal subtense height
Auriculare-basion
Nasal breadth
Cheek height
Orbital height
Orbital breadth
Nasofrontal articulation
Alveolar breadth
Basion-nasion
Number of cases: 264 * p <
Across-groups correlations
Function 1 Function 2 Function 3
-.5869** .2724** -.1762*
.7532** .0428 -.1574*
-.0492 .7601** .2677**
-.1020 .3230** -.3709**
.1602* .3977** -.4354**
.0991 .2196** -.1130
-.5161** .4214** -.0985
-.1933** .0218 .3102**
.0915 .5577** -.0117
-.2062** .2184** .0423
-.0657 .5115** -.0057
-.1424 -.1709* .4521**
.1194 .1934** .1087
.1851* .2373** -.0533
-.0176 .4722** .0704
-.3784** .3878** .0284
.01 ** p < .001
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nasion-bregma). Function 2 is responsible for group separation 
primarily on the basis of differences in basion-bregma height, cheek 
height and bi-auriculare; it is therefore characterised as a vault and 
facial height and basal vault breadth discriminator. Variable 
correlations with function 3 are generally weaker; group separation on 
the basis of this function is the result of differences in orbital 
height and minimum postorbital and maximum supraorbital breadth.
Plots of the canonical discriminant function scores for the group 
centroids alone are given in Figures 24 to 26. These figures plot the 
various combinations of functions 1, 2 and 3. The horizontal and 
vertical scales of each plot are the same and held constant between 
all plots. Interpretation of the direction of group differences, in 
terms of the morphological features discriminating the groups on each 
of the functions, is best summarised by inspection of the signs of the 
correlation coefficients in Table 62. For example, regions with 
positive values on function 1 are characterised by greater maximum bi­
parietal breadth (positively correlated) and reduced glabella- 
opisthocranion and lambda-bregma length (both negatively correlated).
Figure 24 is a plot of function 1 against function 2. These two 
functions combined account for 50.3% of the total variation described 
by the discriminant analysis and provide the most reliable image of 
regional similarities and differences, given the fact that only a few 
variables are strongly correlated with each function.
Three clusters can be identified. The first contains five of the 
six regions in the North Coast-Lowland Division: the Upper Markham 
Valley, Wutung, Upper Sepik River, Astrolabe Bay and Finschhafen 
Coast. This cluster is generally characterised by intermediate bi­
parietal breadth and vault length (function 1) , greater vault and 
cheek height and greater basal vault breadth (function 2). The
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Figure 24. Plot of function 1 against function 2 
centroids, combined non-Highlands Divisions 
analysis
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Figure 25. Plot of function 1 against function 3 
centroids, combined non-Highlands Divisions 
analysis
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Figure 26. Plot of function 2 against function 3 
centroids, combined non-Highlands Divisions 
analysis
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duster is further subdivided by the separation of both the Upper 
Markham Valley and Wutung on the basis of function 2. Also of note is 
the close relationship between Astrolabe Bay and the Finschhafen 
Coast.
The second cluster contains a mixture of regions from all three 
Divisions: Lake Kutubu and Menyamya (both Highlands Fringe), Kikori 
River and Purari River Delta (both South Coast-Lowland) and the Buang 
Mountains (North Coast-Lowland). This cluster is internally 
homogeneous for the morphological features which identify it: narrower 
bi-parietal breadth and greater vault length (function 1) , and lower 
vault and cheek height and narrower basal vault breadth (function 2).
The third cluster contains Goaribari Island and Telefolip- 
Oksapmin. These two regions are characterised by much shorter 
(especially posteriorly) and bi-parietally broader vaults (function 
1) , with reduced vault and cheek height and basal vault breadth.
When functions 1 and 3 are plotted against each other (Figure 25) , 
essentially contrasting vault length and breadth against facial height 
and breadth, the regional clusters identified in Figure 24 break down. 
In Figure 25, two discrete clusters are illustrated, the larger 
containing a loose mixture of regions from all three Divisions: Lake 
Kutubu (Highlands Fringe), the Upper Markham Valley, Buang Mountains, 
Upper Sepik River and Wutung (all North Coast-Lowland) and the Kikori 
River and Purari River Delta (both South Coast-Lowland). The cluster 
is characterised by a combination of morphological features which 
include intermediate to narrow bi-parietal breadth and greater vault 
length (function 1), narrower supraorbital and postorbital breadth and 
greater orbital height (function 2).
266
The second cluster contains Menyamya, Astrolabe Bay and the 
Finschhafen Coast. These regions are characterised by a combination 
of features including intermediate bi-parietal breadth and vault 
length (function 1) , greater supraorbital and postorbital breadth and 
lower orbital height (function 2) .
Although Goaribari Island and Telefolip-Oksapmin possess vaults of 
similarly short posterior length and great bi-parietal breadth, they 
are well differentiated by the facial features of function 3: 
Goaribari Island is distinguished by its greater orbital height and 
narrower supraorbital and postorbital breadth, whereas Telefolip- 
Oksapmin is characterised by much lower orbits and greater 
supraorbital and postorbital breadths.
When vault length and bi-parietal breadth are excluded from 
consideration and regional comparisons restricted to elements of vault 
height, basal and postorbital vault breadth and facial height and 
breadth (function 2 vs. function 3; Figure 26), the pattern of 
regional differentiation changes yet again. Lake Kutubu, Goaribari 
Island and Kikori River form a cluster characterised by a combination 
of low to intermediate vault and facial (cheek and orbital) heights 
and narrow vault (basal and postorbital) and facial (supraorbital) 
breadths. The Buang Mountains and the Purari River Delta are together 
weakly associated with this cluster.
The Upper Markham Valley and Wutung form a separate cluster 
characterised by greater vault and facial (cheek and orbital) height, 
the vaults being broader basally and narrower postorbitally.
The Finschhafen Coast and Astrolabe Bay are very similar in 
possessing vaults of intermediate height and basal breadth but greater
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postorbital breadth, and faces of greater supraorbital breadth and 
orbital height but reduced cheek height.
Telefolip and Menyamya are both characterised by a combination of 
low, basally narrow but postorbitally expanded vaults, with low faces 
of great supraorbital breadth.
Lastly, the Upper Sepik River is intermediate for all of the vault 
and facial features identified by functions 2 and 3 as major 
discriminators.
What can be made of the pattern of regional relationships 
illustrated by the various morphological combinations of Figures 24, 
25 and 2 6? To begin with, it is possible to identify a number of 
regional associations that are consistent throughout the bivariate 
canonical plots:
1. Astrolabe Bay and the Finschhafen Coast form a close pair in 
all three plots, as do Lake Kutubu-Kikori River and the Buang 
Mountains-Purari River Delta.
2. The latter two pairs form a second-level grouping that is also 
consistent throughout the plots.
3. The Upper Markham Valley and Wutung form a fourth regional pair 
that is marked in Figures 24 and 26 but less apparent in Figure 25.
On the basis of the relative positions of the group centroids in 
the three canonical plots, it is possible to summarise the 
morphological features which characterise the regional groupings 
listed immediately above:
Astrolabe Bay and the Finschhafen Coast. Vaults are of 
intermediate length and breadth (both bi-parietally and basally) but
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expanded postorbitally. Vault and facial (cheek) height are also 
intermediate, but orbital height is low. Facial (supraorbital) 
breadths approach the maximum.
Upper Markham Valley and Wutung. In keeping with a general North 
Coast-Lowland morphology, vaults are of intermediate length and bi­
parietal breadth. However, vaults are expanded basally and are narrow 
postorbitally. Both vault and facial (cheek and orbital) height reach 
a maximum and facial (supraorbital) breadth is narrow.
Lake Kutubu, Kikori River, Purari River Delta and Buang Mountains. 
Vaults are long, narrow (in all aspects) and low. Facial height is 
mixed (low cheeks combined with high orbits) and facial (supraorbital) 
breadth is narrow.
The four remaining regions can be characterised as follows:
Upper Sepik River. Following a general North Coast-Lowland 
morphological pattern, vaults are of intermediate length and bi­
parietal and postorbital breadth but tend to be broader basally 
(similar to the Upper Markham Valley and Wutung). Vault height and 
cheek height also tend to be increased, but orbital height and 
supraorbital breadth are intermediate.
Menyamya. There is a unique combination of intermediate vault 
length and bi-parietal breadth with expanded postorbital and narrow 
basal vault breadths. Vault and facial (cheek and orbital) height is 
low and faces tend to be broad supraorbitally.
Telefolip-Oksapmin. Vaults are extremely short (particularly in 
the posterior region) and bi-parietally and postorbitally broad, 
although basally they are quite narrow. Vault and facial height 
(cheek and orbital) tends to be low and facial breadth follows the
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vault in being supraorbitally broad. The vault is generally quite 
globular.
Goaribari Island. This region is identical to the group 
containing Lake Kutubu, the Kikori River, the Purari River Delta and 
the Buang Mountains in some features: faces are of mixed height (high 
orbits, low cheeks) and supraorbitally narrow, while vaults are low 
and postorbitally and basally narrow. Other features distinguish the 
region to an extreme degree: reduced vault length (especially 
posteriorly) and much increased bi-parietal breadth. The combination 
of great bi-parietal breadth, narrow basal and postorbital breadth and 
reduced posterior vault length give an impression of superolateral 
parietal expansion with posterior parietal flattening.
The group classification results are given in Table 63. The total 
percentage of cases correct-ly assigned is only 69.32%, suggesting that 
the regions are not individually distinct and that certain regional 
subgroupings may be anticipated. As a general observation, Goaribari 
Island achieves the highest rate of successful classification (76.4%), 
and yet it is often the region containing the most misclassifications 
from other groups.
The Buang Mountains, Lake Kutubu, the Kikori River and the Purari 
River Delta each have at least 50% of misclassif ications with one of 
the other three regions. Two-thirds of the misclassifications for 
Astrolabe Bay are with the Finschhafen Coast, and all of the Wutung 
misclassifications are with the Upper Markham Valley. The Upper 
Markham Valley and Finschhafen Coast both tend to misclassify within 
the North Coast-Lowland Division at a general level, although some 
misclassification with the South Coast-Lowland regions does occur. 
The two Divisions are, however, essentially separate. Menyamya and
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Telefolip-Oksapmin are both equally misclassified with the North and 
South Coast-Lowland Divisions, but not with each other. Lastly, 
although Goaribari Island is the region most successfully classified, 
the bulk of its misclassif ications are with regions from the North 
Coast-Lowland Division.
The pattern of regional relationships resulting from a cluster 
analysis of the 12 regions based on their multivariate mean scores for 
functions 1, 2 and 3 combined (Figure 27) provides an efficient 
summary of the information described by each of the canonical plots. 
Not surprisingly, it tends to reflect the pattern identified in the 
plot of function 1 vs. function 2 (Figure 24), given that these are 
the two major contributors to group separation. Telefolip-Oksapmin 
and Goaribari Island are both identified as outliers, individually 
distinct from each other and from the rest. The remaining regions 
cluster into two groups which are themselves quite distinct: one 
cluster which I will refer to as Cluster A, containing Lake Kutubu, 
the Kikori River, the Purari River Delta and the Buang Mountains; and 
a second cluster which I will call Cluster B, containing an 
essentially North Coast-Lowland grouping of the Upper Markham Valley, 
Wutung, the Finschhafen Coast, Astrolabe Bay and the Upper Sepik 
River, but also including Menyamya.
The internal arrangement of Cluster A is of little importance when 
compared against the major observation that all four regions 
comprising the cluster are tightly grouped as a single unit. In 
contrast to this, the internal arrangement of Cluster B is interesting 
because it distinctly separates the Upper Markham Valley and Wutung 
from the rest to the point where Menyamya (from the Highlands Fringe 
Division) is considered to be more similar to Astrolabe Bay, the
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Figure 27. Combined non-Highlands Divisions regional relationships 
based on a cluster analysis of the twelve group centroid 
discriminant scores for functions 1, 2 and 3
0 5
Rescaled Distance
10 15 25
Key: BM Buang Mountains 
MV Upper Markham Valley 
FC Finschhafen Coast 
AB Astrolabe Bay 
SR Upper Sepik River 
WU Wutung 
ME Menyamya 
TO Telefolip-Oksapmin 
LK Lake Kutubu 
KR Kikori River 
GI Goaribari Island 
PR Purari River Delta
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Finschhafen Coast and the Upper Sepik River than is either Wutung or 
the Upper Markham Valley.
6.3.3 Summary
On the basis of the preceding analyses, it is now possible to 
offer a few summary comments on the differential pattern of 
morphological variation pertaining specifically to the non-Highlands 
areas of Papua New Guinea that have been sampled.
1. The North Coast-Lowland Division is seen to have some validity 
in its construction, with five of its six constituent regions 
clustering as a single unit, the Buang Mountains being the odd one 
out. The region is generally characterised by vaults of intermediate 
length and breadth but of great height, with facial skeletons that 
tend to be superiorly high and broad. The Upper Markham Valley and 
Wutung are, however, differentiated from the Finschhafen Coast, 
Astrolabe Bay and the Upper Sepik River primarily on the basis of the 
greater vault and facial height of the former two regions.
2. Apart from Goaribari Island (to be discussed separately) the 
South Coast-Lowland Division is also a morphologically valid construct 
and is characterised by vaults that are long, low and narrow, with 
similarly low and narrow facial skeletons.
3. The Highlands Fringe Division is an artificial construct that 
has no apparent biological reality. Telefolip-Oksapmin is the single 
most aberrant region within the combined non-Highlands Divisions and 
is distinguished by its quite globular vault and broad, low facial 
skeleton. Lake Kutubu, on the other hand, is morphologically
identical to two of the regions within the South Coast-Lowland
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Division, these being the Kikori- River and the Purari River Delta. 
Lastly, Menyamya appears to have a degree of morphological similarity 
with regions within the North Coast-Lowland Division in its major 
vault characteristics, although it is distinguished by secondary 
features of low vault and facial height.
4. The Buang Mountains are well separated from the other regions 
within the North Coast-Lowland Division and appear to be very similar 
to the Kikori River and the Purari River Delta from the South Coast- 
Lowland Division in most aspects of vault and facial morphology.
6.3.4 The Problem of Goaribari Island
There is no doubt that crania from Goaribari Island are 
morphologically distinct. The distinction, however, is based upon 
aspects of posterior vault size and shape alone. In terms of the 
facial skeleton, Goaribari Island is identical to the morphological 
pattern described for the other South Coast-Lowland regions. The 
problem is to identify the factor or factors, apparently unique to the 
region, which have contributed to the pattern of observed vault 
differences.
In my opinion, two morphological types are represented in the 
Goaribari Island regional sample. One is directly comparable with the 
morphological pattern described for the Kikori River and Purari River 
Delta regional samples and is here designated as 'normal'. The other, 
for want of a better explanation, is the result of artificial 
deformation of the vault.
Comparative frontal, lateral, posterior and superior views of two 
male crania from Goaribari Island are given in Plates 1 to 4. They
Plate 1
Goaribari Island crania: Frontal view
Upper: E8565
Lower: E8717

Plate 2
Goaribari Island crania: Lateral view
Upper: E8565
Lower: E8717

Plate 3
Goaribari Island crania: Posterior view
Upper: E8565
Lower: E8717
wmS Ä
*
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Plate 4
Goaribari Island crania: Superior view
Upper: E8565
Lower: E8717
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have been selected as representative of the two morphological types 
mentioned above. Similarities in the form of the facial skeleton are 
evident, especially the combination of greater orbital height with 
reduced cheek height. Differences in the form of the vault are, 
however, marked. The vault morphologies of the two crania will be 
described separately.
In frontal view, the maximum bi-parietal breadth of E8565 appears 
to be roughly equivalent to its maximum supraorbital breadth. 
Laterally, the sagittal vault contour is fully expanded in the frontal 
and parietal regions, and occipital curvature appears to be continuous 
from lambda to opisthion. In posterior view, superior vault curvature 
in the coronal plane is also continuous, but flattening of the lateral 
walls of the parietal results in the point of maximum bi-parietal 
breadth being located on the temporal suture. In superior view, 
lateral expansion is continuous and regular throughout the length of 
the vault.
E8717 offers a completely different vault profile. In frontal 
view, maximum bi-parietal breadth clearly exceeds maximum supraorbital 
breadth. Laterally, there is an angulation of the frontal squama 
approximately midway along the nasion-bregma chord, and the sagittal 
frontal contour anterior and posterior to this point is flattened. 
The degree of sagittal parietal curvature is consistent with 
E 8 5 65, but angulation of the curve at lambda and the degree of 
occipital flattening from lambda to opisthion is much greater in E 
8717. The posterior view gives the most striking evidence of vault 
differences: the gentle and continuous superior coronal curvature 
combined with lateral parietal flattening observed in E 8565 is 
replaced by a markedly pentagonoid vault shape. Expansion at the 
parietal bosses has resulted in posterior vault keeling and a sharp,
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inferomedially directed angulation of the lateral parietals so that 
the point of maximum bi-parietal breadth is now located at the boss. 
Bi-auricular breadth is minimal by comparison. A superior view 
confirms the impression of posterior parietal expansion and also 
illustrates a reduction in posterior vault length.
Artificial cranial deformation is a simple way of dealing with the 
aberrant morphological pattern identified for Goaribari Island. It 
explains the observation of mostly unidirectional increases in the 
variance estimates for a range of variables primarily restricted to 
the posterior vault and which exclude the facial skeleton. Brown 
(1981b) recorded similar observations about the differential vault and 
facial effects of artificial deformation in his comparison of 
artificially deformed Arawe (New Britain) and undeformed Sepik River 
crania.
This is not to say, however, that the style of deformation 
practiced by the Arawe and described by Brown is similar to that 
presumed to have been followed in the present case. The Arawe style 
was to bind the infant vault around the forehead and posterior vault 
with a bandage of bark cloth and vine (Blackwood and Danby 1955) , 
resulting in a somewhat conical vault characterised by frontal 
recession and elongation, increased parietal curvature with reduced 
parietal length and bi-parietal breadth, and flattening and increased 
angulation of the occipital (Brown 1981b). This is in stark contrast 
to the morphological pattern described for E8717 above and identified 
in previous discriminant analyses as characteristic of Goaribari 
Island generally. We can only presume that if artificial deformation 
is responsible for the distinctive aspects of the Goaribari Island 
morphological pattern, then it is not of the type described by
Blackwood and Danby (1955) .
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The only evidence I have to support artificial deformation as a 
factor contributing to the morphological pattern of Goaribari Island 
are the data presented so far. Three of the major ethnographic 
sources for the region, Hurley (1924), Williams (1924) and Landtman 
(1927), make no mention as to whether or not artificial cranial 
deformation was practiced by the Goaribari or by any of the other 
Papuan Gulf groups who were the victims of Goaribari headhunting. A 
general survey of the literature for the region similarly has nothing 
to offer regarding the possible occurrence of this practice (J. 
Rhoads, personal communication). Pietrusewsky (1973a,b, 1977, 1983), 
the only other person to have studied the Goaribari Island collection 
used in the present study, does not refer to any abnormality in the 
range of metric variation or the actual morphologies exhibited by the 
crania in it.
I do not wish to be emphatic that artificial deformation was 
practiced in the Papuan Gulf. I simply offer the above comments as 
informed speculation requiring further investigation. It is 
sufficient to conclude that Goaribari Island is aberrant, and on this 
basis the regional sample will be excluded from all further analyses.
6.4 All-Divisions Analyses 
6.4.1 Introduction
In Chapter Three, the relative value of metric versus non-metric 
cranial analyses in the reconstruction of phylogenetic history was 
briefly discussed. Objections to the craniometric method focus on the
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failure of many investigations to take into account non-genetic
o u ilw fll prach’cefcfactors such as allometric— aosocia-t-i&ft and environmental influences. 
The question of possible environmental influences on the morphological 
pattern in Papua New Guinea is reserved for a later section. In this 
section, however, I will consider possible allometric effects, 
specifically size versus shape differences, in an investigation of the 
morphological pattern throughout Papua New Guinea as a whole.
The consideration of differential size and shape effects in 
morphometries has long been a focus of discussion and research. Size 
can be defined as the magnitude of a vector of measurements on an 
organism, whereas shape is a function of relative proportions 
normalised by size (Corruccini 1987 :289, 290) . The problem has been 
to determine the relative contributions of size and shape in distance 
studies over a range of taxonomic levels. Differences or similarities 
in shape rather than size are considered of greater- importance in 
determining taxonomic affiliations. However, differences in magnitude 
can greatly outweigh the effect of differences in proportion whenever 
the taxonomic units vary more than a slight amount in size, say above 
the deme or subspecies level (Corruccini 1973:743) . It has been 
argued (Corruccini 1973, 1975, 1987) that in such circumstances it is 
better to remove any size-based component of variation and to 
concentrate on the shape residual alone.
With regard to recent human populations, however, size and shape 
are both integral to the determination of overall morphological 
distance. This is because 1) size differences are of greater genetic 
meaning among locally varying isolates and 2) decreases in general 
size difference among closely related samples allows a relatively 
greater shape influence to be expressed by distance (Corruccini
1973:745) . Relethford (1984) has demonstrated that morphometric
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analyses at the level of the local population reflect shape variation 
to a much greater extent than size variation, and that size variation 
is of little consequence in studies of morphological variation among 
local groups within the same species. However, diversity in overall 
size, perhaps related to climatic variation and other environmental 
factors, can strongly influence interpopulation distances at the
regional level. Thus, the relationship between size, shape and
overall distance is a function of the level of the analysis
(Relethford 1984:193).
With regard to the present study, it can be argued that although 
the regional samples individually conform to Relethford's (1984) 
notion of the local group, they are often separated by large 
geographic distances and span a range of environments that vary 
primarily as a function of altitude. In this sense, they are better 
categorised as populations chosen from an environmentally 
heterogeneous area and possibly subject to significant size 
differences.
Size versus shape related variation will therefore be considered 
in the analysis of craniometric variation throughout Papua New Guinea 
as a whole, using 15 regional samples. Goaribari Island is excluded 
following the discussion of Section 6.3.4. The analysis is divided 
into two sections. Section 6.4.2 uses the raw data which has been the 
subject of all previous analyses in this chapter and in Chapter Five. 
Section 6.4.3 examines the morphological pattern after size related 
variation has been 'removed' by standardisation of the raw data. The 
statistical methods follow the procedures discussed in Chapter Five.
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6.4.2 Raw Data Analysis
The results of a univariate analysis of variance using all 15 
regions are given in Table 64. Highly significant levels of 
heterogeneity are indicated for all chord, angle and index variables. 
On this basis, all 35 chord variables have been included within a 
discriminant analysis that follows the design of Analysis Two 
described in Chapter Five.
The number of cases available at Stage 1 has been reduced from 342 
to 198 due to missing values. The subset samples for some of the 
smaller regional samples are therefore expected to be atypical of 
their parent groups.
The 21 variables selected by the stepwise procedure for direct 
entry in Stage 2 are as follows: glabella-opisthocranion, maximum bi­
parietal breadth, basion-bregma, minimum postorbital breadth, lambda- 
bregma, parietal subtense height, mastoid length, basion-lambda, 
auriculare-basion, nasion-prosthion, bi-zygion, nasion-nasospinale, 
nasal breadth, cheek height, orbital height, orbital breadth, bi- 
maxillofrontale, basion-nasion, basion-nasospinale, basion-prosthion 
and nasospinale-prosthion. These incorporate a wide range of vault 
and facial dimensions. Missing values reduced the number of cases 
from 342 to 216: Buang Mountains 20; Upper Markham Valley 30; 
Finschhafen Coast 21; Astrolabe Bay 8; Upper Sepik River 5; Wutung 3; 
Mariko 7; Chimbu Gorge 30; Nebilyer-Kaugel Valleys 16; Erave 4; 
Menyamya 5; Telefolip-Oksapmin 5; Lake Kutubu 19; Kikori River 28; 
Purari River Delta 15. Only three regions have more cases than there 
are variables, thus rendering Box's M test of covariance homogeneity
largely irrelevant.
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Table 64. Summary statistics for the All-Divisions univariate analysis 
of variance
Bartlett-Box Kruskal-Wallis
Variable F F H
Glabella-opisthocranion 13.493** 2.318** 123.056**
Maximum bi-parietal br. 15.505** 3.202** 161.847**
Bi-auriculare 11.916** 1.511 130.865**
Basion-bregma 6.570** .788 75.951**
Maximum supraorbital br. 6.635** 1.109 82.437**
Minimum postorbital br. 5.457** .893 70.662**
Nasion-bregma 2.629** 1.194 36.576**
Metopion height 2.442** 2.051** 37.366**
Nasion-metopion 3.413** .770 47.373**
Glabella prominence 3,120** 1.526 41.672**
Lambda-bregma 8.900** .782 102.336**
Parietal subtense ht. 4.290** .788 57.898**
Bregma-parietal subtense 2.686** 3.309** 42.188**
Mastoid length 3.100** .790 41.286**
Lambda-asterion 2.806** 1.488 43.594**
Lambda-inion 2.870** 1.705* 41.470**
Basion-lambda 2.613** 1.840* 43.520**
Auriculare-basion 7.716** 2.057** 97.276**
Foramen magnum length 3.569** .954 50.458**
Foramen magnum breadth 2.023* 2.064** 29.579*
Nasion-prosthion 2.821** .817 39.513**
Bi-zygion 9.041** .451 95.731**
Nasion-nasospinale 4.040** . 929 53.354**
Nasal breadth 6.968** 1.675* 85.698**
Cheek, height 5.201** .512 64.856**
Orbital height 3.812** 1.592 54.108**
Orbital breadth 4.649** 2.596** 64.894**
Bi-maxillofrontale 7.022** .532 88.404**
Nasofrontal articulation 4.179** 1.586 51.784**
Alveolar length 4.193** .296 55.823**
Alveolar breadth 4.852** 1.111 58.484**
Basion-nasion 6.735** 1.099 79.721**
Basion-nasospinale 4.573** . 999 63.569**
Basion-prosthion 2.181** . 609 29.028*
Nasospinale-prosthion 8.482** .771 96.465**
Prosthion angle 2.838** .927 38.384**
Nasospinale angle 4.988** 1.486 69.609**
Subnasal angle 5.836** 1.731* 70.523**
Cranial module 7.299** .929 86.053**
Cranial index 20.265** 6.377** 169.095**
Frontal curvature index 4.917** 2.379** 49.952**
Parietal curvature index 4.917** 2.390** 60.940**
Upper facial index 2.873** .858 36.895**
Orbital index 4.480** 1.036 58.625**
Nasal index 4.585** 1.178 63.746**
Maxillo-alveolar index 2.893** 1.551 39.213**
Gnathic index 2.844** . 948 37.019**
* = p < .05 ** » p < .01
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Although the first eight functions computed by the analysis are 
all significant for Wilk's lambda (p < .05) (Table 65), again only the 
first three will be considered. These three functions combined 
account for 63.9% of the total variance.
The across-groups correlations (Table 66) show that function 1 
discriminates primarily on the basis of both vault (maximum bi­
parietal) and facial (bi-zygion) breadth. Variables classified as 
secondary discriminators for this function are also mostly breadth- 
related: auriculare-basion, orbital breadth, bi-maxillofrontale, 
nasospinale-prosthion and parietal subtense height. Group separation 
on function 2 is the result of variation in vault height (basiop- 
bregma), basal vault breadth (auriculare-basion) and cheek height; 
these same three variables were identified as the major contributors 
to function 2 in the combined non-Highlands Divisions discriminant 
analysis. The single major contributor to group separation on 
function 3 is vault length (glabella-opisthocranion).
Canonical plots of the discriminant function scores for the group 
centroids of the 15 regions are given in Figures 28 to 30. Scales 
have again been kept consistent throughout the plots, and are 
consistent with the plot scales in Section 6.2. Interpretation of the 
plots is based on the signs of the variable correlation coefficients 
in Table 66.
Function 1 versus function 2 (Figure 28) accounts for 50.9% of the 
total variation described by the analysis and essentially compares 
vault and facial breadth with height. The Upper Markham Valley is 
readily identified by the separation of its group centroid relative to 
function 2. It is therefore distinguished by its great vault height, 
basal vault breadth and cheek height. These same features were the
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Table 65. Summary statistics for the performance of the discriminant 
functions, All-Divisions discriminant analysis using raw data
% of C a n o n i c a l Wille's
F u n c t i o n E i g e n v a l u e V a r i a n c e C o r r e l a t i o n L a m b d a C h i 2 d . f . P
1 2.2 0 0 3 32.08 .8292 .0090 928.11 294 .0000
2 1.2934 18.86 .7510 .0288 698.96 260 .0000
3 .8912 12.99 . 6865 .0660 535.44 228 .0000
4 .7600 11.08 .6571 .1248 409. 9 1 198 .0000
5 .4663 6.80 .5639 .2197 298 . 5 4 170 .0000
6 .3272 4.77 .4965 .3222 223.14 144 .0000
7 .2403 3.50 . 4402 .4276 167.37 120 .0028
8 .2162 3.15 .4217 .5304 124.94 98 .0345
9 .1798 2.62 .3904 . 6450 86.37 78 .2417
10 .1154 1.68 .3217 .7610 53.80 60 .7004
11 .0777 1.13 .2686 .8489 32.28 44 .9047
12 .0586 .85 .2352 .9149 17.53 30 . 9657
13 .0275 .40 .1637 . 9684 6.32 18 .9947
14 .0049 .07 .0700 . 9951 .97 8 . 9984
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Table 66. Across-groups correlations between discriminating variables 
and discriminant functions 1, 2 and 3, All-Divisions
discriminant analysis using raw data
Across-groups correlations
Variable Function 1 Function 2 Function 3
G l a b e l l a - o p i s t h o c r a n i o n -.0724 .2651** .5399**
M a x i m u m  b i - p a r i e t a l  b r e a d t h - . 6 4 2 6 * * -.1184 -.0 8 7 8
B a s i o n - b r e g m a .1486 .6155** - . 0 4 2 9
M i n i m u m  p o s t o r b i t a l  b r e a d t h -.1478 -.0002 - . 3 4 7 6 * *
L a m b d a - b r e g m a .3170** .2985** .1849*
P a r i e t a l  s u b t e n s e  h e i g h t .4197** .1579 .1478
M a s t o i d  l e n g t h .1599* .3889** .0691
B a s i o n - l a m b d a .0353 .2154** .2947**
A u r i c u l a r e - b a s i o n - . 4 2 9 4 * * .5085** -.0 8 6 1
N a s i o n - p r o s t h i o n -.1188 .2269** .2752**
B i - z y g i o n - . 5 7 8 0 * * .2121** - . 0 8 4 9
N a s i o n - n a s o s p i n a l e .0903 .2155** .2953**
N a s a l  b r e a d t h .0862 .0444 .0607
C h e e k  h e i g h t - . 1 0 1 1 .5516** - . 1 2 9 9
O r b i t a l  h e i g h t .0750 -.0409 .2598**
O r b i t a l  b r e a d t h - . 4 1 6 4 * * .3042** .2399**
B i - m a x i l l o f r o n t a l e - . 4 3 1 3 * * -.1204 .1919*
B a s i o n - n a s i o n .1032 .3198** .2375**
B a s i o n - n a s o s p i n a l e .3054** -.0202 .3157**
B a s i o n - p r o s t h i o n -.0152 .0527 .2905**
N a s o s p i n a l e - p r o s t h i o n - . 4 5 3 7 * * .3377** .1283
N u m b e r  of cases: 216 p < .01 p < .001
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Figure 28. Plot of function 1 against function 2 for the group 
centroids, All-Divisions discriminant analysis using raw data
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Figure 29. Plot of function 1 against function 3 for the group 
centroids, All-Divisions discriminant analysis using raw data
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Figure 30. Plot of function 2 against function 3 for the group 
centroids, All-Divisions discriminant analysis using raw data
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major distinguishing characteristics identified for the Upper Markham 
Valley in the combined non-Highlands Divisions analysis.
The remaining 14 regions are not as readily differentiated. It is 
possible, however, to roughly separate the Central Highlands and 
Highlands Fringe regions from the North and South Coast-Lowland 
regions based on the spread of the group centroids on function 1. 
Telefolip-Oksapmin, Mariko, Menyamya, Nebilyer-Kaugel, Chimbu Gorge 
and (to a lesser extent) Erave are all characterised by greater vault 
and facial breadths. Differentiation of these regions on the basis of 
function 2 separates Chimbu Gorge from Mariko and Telefolip-Oksapmin 
by virtue of the former's greater vault and cheek height (features 
identified in Chapter Five) and greater basal vault breadth.
The North Coast-Lowland regions tend to possess vaults and facial 
skeletons of intermediate (Wutung, Astrolabe Bay and Finschhafen 
Coast) to narrow (Buang Mountains and Upper Sepik River) breadth. 
Wutung is further distinguished by secondary features of greater vault 
and cheek height and basal vault breadth. A particularly close 
association between Astrolabe Bay and the Finschhafen Coast is also 
noted.
The Upper Sepik River is close to an essentially South Coast- 
Lowland grouping which includes Lake Kutubu, the Kikori River and the 
Purari River Delta. These latter three regions are characterised by 
much narrower vaults and facial skeletons, but they also incorporate a 
range of vault and cheek heights and basal vault breadths.
Function 1 versus function 3 (Figure 29) compares the regions on 
the basis of vault and facial breadth and vault length. Nebilyer- 
Kaugel becomes the single best differentiated region on the basis of 
its extreme vault length. However, it remains loosely associated with
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the other Central Highlands and Highlands Fringe regions (Telefolip- 
Oksapmin, Mariko, Menyamya and Chimbu Gorge) previously grouped on the 
basis of similar breadth and height features. In this case, the 
clustering of the latter four regions is far more apparent and 
indicates vaults of intermediate length.
Erave is now loosely associated with a mixed cluster of North and 
South Coast-Lowland regions (Buang Mountains, Upper Markham Valley, 
Upper Sepik River, Lake Kutubu, Kikori River and the Purari River 
Delta) . These regions are characterised by intermediate vault length 
combined with narrow vault and facial breadth.
A third, tight cluster in Figure 29 contains Wutung, Astrolabe Bay 
and the Finschhafen Coast. These regions are separated from the 
remainder by their much shorter vault lengths.
When vault height, cheek height and basal vault breadth are 
compared against vault length (function 2 versus function 3; Figure 
30), both the Upper Markham Valley and Nebilyer-Kaugel remain 
individually distinct. Also separated are Astrolabe Bay and the 
Finschhafen Coast (short, low vaults and faces and basally narrow 
vaults) and Wutung (short vaults but higher vaults and faces and 
broader basally). The remaining 10 regions all cluster fairly 
tightly, with little internal differentiation.
The group classification results (Table 67) indicate that the 
discriminant analysis has been moderately successful in 
differentiating the 15 regions, achieving a total success rate of 
77.8%. The Buang Mountains, the Upper Markham Valley and the 
Finschhafen Coast are evenly misclassified throughout all four 
Divisions, although on a regional basis the misclassifications tend to 
be with regions external to the North Coast-Lowland Division. This is
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also true for the Upper Sepik River and Wutung. Astrolabe Bay only 
misclassifies with the Finschhafen Coast, a further indication of the 
strong association that exists between these two regions.
Mariko, Chimbu Gorge and Nebilyer-Kaugel are all well 
differentiated on the basis of their successful rates of 
classification, and their misclassifications all tend to be within the 
Central Highlands Division. Erave, on the other hand, misclassifies 
with the Kikori River.
An association between Menyamya and the Central Highlands Division 
is indicated by the former's high rate of misclassif ication with 
Chimbu Gorge. Telefolip-Oksapmin is, however, distinct.
Lake Kutubu's relatively high rate of misclassification with the 
Kikori River indicates a strong relationship between these two 
regions. The Kikori River, on the other hand, is generally 
misclassified with regions throughout the North and South Coast- 
Lowland Divisions. The Purari River Delta is misclassified in only 
13.4% of cases.
The result of a cluster analysis of the 15 regions based on their 
group centroid scores for functions 1, 2 and 3 is given in Figure 31. 
The pattern of relationships described by the dendrogram indicates a 
tripartite division of the regions, with a cluster containing the 
Central Highlands and Highlands Fringe Divisions branching first. The 
only anomaly is the position of Erave within a North Coast-Lowland 
cluster.
The clustering of the remaining non-Highlands regions is 
reminiscent of the arrangement described for the combined non- 
Highlands Divisions analysis (Figure 27) : Lake Kutubu, the Kikori 
River, the Purari River Delta and the Buang Mountains are clustered
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1
Figure 31. All-Divisions regional relationships based on a cluster 
analysis of the fifteen group centroid discriminant scores for 
functions 1, 2 and 3 using raw data
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together in opposition to the Finschhafen Coast, Astrolabe Bay and 
Wutung. However, the locations of the Upper Markham Valley and the 
Upper Sepik River have changed, these two regions now clustering 
within an essentially South Coast-Lowland grouping. The association 
between the Upper Markham Valley and this southern grouping is 
admittedly not strong, but the similarity between the Upper Sepik 
River and the Kikori River is, on the basis of this particular 
analysis, undeniable.
6.4.3 Standardised Data Analysis
This analysis is based on the same data set used in Section 6.4.2, 
but in this case the raw data have been double-standardised. This 
involves the computation of Z scores both across variables for each 
case (so that equal weighting is given to each variable) and across 
cases for each variable (to negate absolute size differences between 
individuals). The double-standardisation procedure results in 
distributions, both across cases and across variables, which have a 
mean of zero and a standard deviation of one.
The standardisation procedure requires that all cases to be 
transformed have valid observations for all variables; the number of 
available cases was therefore reduced to 143. The transformed data 
set was then investigated using both discriminant and cluster 
analysis.
Because the number of available cases is initially fixed by the 
standardisation procedure to include only those cases valid for all 
variables, the two-stage discriminant procedure described in Chapter 
Five is unnecessary: all cases remain available for any subset of
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variables selected by the stepwise procedure (MAHAL, pin = .05, pout = 
.05). Therefore, only a single discriminant run is required.
The number of cases included in the analysis for each region are 
as follows: Buang Mountains 17; Upper Markham Valley 27; Finschhafen 
Coast 19; Astrolabe Bay 6; Upper Sepik River 5; Mariko 7; Chimbu Gorge 
26; Nebilyer-Kaugel Valleys 16; Erave 4; Menyamya 5; Telefolip- 
Oksapmin 5; Lake Kutubu 17; Kikori River 27; Purari River Delta 14. 
The number of variables exceeds the number of cases for all but three 
regions (Upper Markham Valley, Chimbu Gorge and Kikori River) and an 
assessment of covariance homogeneity is therefore not possible.
The 21 variables selected by the stepwise procedure are as 
follows: glabella-opisthocranion, maximum bi-parietal breadth, bi- 
auriculare, basion-bregma, minimum postorbital breadth, nasion- 
metopion, glabella prominence, basion-lambda, foramen magnum length, 
foramen magnum breadth, nasion-prosthion, nasion-nasospinale, nasal 
breadth, cheek height, orbital height, bi-maxillofrontale, nasofrontal 
articulation, basion-nasion, basion-nasospinale, basion-prosthion and 
nasospinale-prosthion. These variables are very similar to the 
variables selected in the raw data analysis, with the exception that a 
few more vault variables have been included at the expense of an 
equivalent number of facial variables. All aspects of vault length, 
breadth and height are included, as are elements of facial height, 
breadth and prognathism.
Although the first seven discriminant functions are all 
significant for Wilk's lambda (p < .05) (Table 68), only the first 
three will be used to examine population relationships and 
morphological patterns of variation. These three functions combined
account for 63.8% of the total variance.
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Table 68. Summary statistics for the performance of the discriminant 
functions, All-Divisions discriminant analysis using 
standardised data
% of C a n o n i c a l WilJc' s
F u n c t i o n E i g e n v a l u e V a r i a n c e C o r r e l a t i o n L a m b d a C h i 2 d . f . P
1 2.18 9 3 29.17 .8285 .0063 895. 9 5 294 .0000
2 1.4287 19.03 .7670 .0202 690.67 260 .0000
3 1.1740 15.64 .7349 .0491 5 3 3 . 6 0 228 .0000
4 .8100 10.79 . 6690 .1067 3 9 6 . 1 5 198 .0000
5 .5471 7.29 .5947 .1931 2 9 1 . 1 3 170 .0000
6 .4381 5.84 .5519 .2987 2 1 3 . 8 9 144 .0001
7 .2788 3.71 .4669 .4295 149 . 5 9 120 .0348
8 .2205 2.94 .4250 .5492 106 . 0 7 98 .2714
9 .1440 1.92 .3548 .6703 70.80 78 .7058
10 .1149 1.53 .3210 .7669 46. 9 9 60 .8897
11 .0751 1.00 .2643 .8550 27. 7 4 44 .9736
12 .0428 .57 .2025 .9191 14.92 30 .9902
13 .0290 .39 .1677 .9585 7.51 18 .9851
14 .0140 .19 .1175 .9862 2.4 6 8 .9636
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The across-groups correlations (Table 69) indicate that maximum 
bi-parietal breadth and bi-auriculare are the primary contributors to 
group separation on function 1. Secondary variables also correlated 
with this function are basion-bregma, bi-maxillofrontale, basion- 
nasospinale and nasospinale-prosthion; the degree of correlation for 
these variables is reduced, however, when compared with the high 
values for the two primary vault breadth discriminators.
No one single variable is particularly well correlated with 
function 2; in fact, the correlation coefficients for all variables 
are rather low. Group separation on the basis of this function is 
mostly attributed to variation in maximum bi-parietal breadth, minimum 
postorbital breadth and cheek, height. Function 3 is best correlated 
with glabella-opisthocranion length and minimum postorbital breadth.
Looking at the range of variables that are best correlated with 
the three functions, it is clear that the standardisation procedure 
has resulted in the almost total exclusion of facial elements as 
significant contributors to the pattern of morphological variation. 
Furthermore, functions 1 and 2 are both identified as vault breadth 
discriminators, with function 3 also containing an element of vault 
breadth.
Canonical bivariate plots of the group centroids for the three 
discriminant functions are given in Figures 32 to 34. Scales remain 
consistent with the plots in Sections 6.3 and 6.4.2.
In the plot of function 1 versus function 2 (Figure 32) none of 
the Divisions is clearly separated with any degree of internal 
consistency, apart from the South Coast-Lowland Division (Kikori River 
and Purari River Delta, Goaribari Island having been excluded), which
has as its nearest neighbour the Upper Sepik River. The loss of clear
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Table 69. Across-groups correlations between discriminating variables 
and discriminant functions 1, 2 and 3, All-Divisions
discriminant analysis using standardised data
Across-groups correlations
Variable Function 1 Function 2 Function 3
G l a b e l l a - o p i s t h o c r a n i o n - . 2 2 7 7 * * .2276** .5788**
M a x i m u m  b i - p a r i e t a l  b r e a d t h .6255** - . 4 6 1 2 * * - . 2 0 0 0 * *
B i - a u r i c u l a r e .5927** .1570 -.1177
B a s i o n - b r e g m a - . 4 2 5 7 * * .3228** - . 4 0 2 3 * *
M i n i m u m  p o s t o r b i t a l  b r e a d t h .0595 - . 3 9 3 9 * * - . 5 2 3 5 * *
N a s i o n - m e t o p i o n .2306** .1536 . 0762
G l a b e l l a  p r o m i n e n c e .2756** .1077 -.0524
B a s i o n - l a m b d a - . 2 4 0 2 * * -.0104 .2144**
F o r a m e n  m a g n u m  l e n g t h .0523 .2326** - . 0 5 0 9
F o r a m e n  m a g n u m  b r e a d t h -.05 2 6 - . 2 4 2 9 * * - . 1 7 8 6 *
N a s i o n - p r o s t h i o n -.0 2 1 1 .1362 .1914*
N a s i o n - n a s o s p i n a l e - . 2 4 2 8 * * .0263 .1498
N a s a l  b r e a d t h -.19 3 1 * - . 3 6 3 1 * * -.0770
C h e e k  h e i g h t .0499 .4216** - . 3 1 4 1 * *
O r b i t a l  b r e a d t h .3615** .0975 .0713
B i - m a x i l l o f r o n t a l e .4101** - . 2 4 2 7 * * .1574
N a s o f r o n t a l  a r t i c u l a t i o n .2068* .1615 -.1098
B a s i o n - n a s i o n - . 3 3 7 6 * * .1484 -.0315
B a s i o n - n a s o s p i n a l e - . 4 2 9 0 * * -.1 7 6 0 * .1383
B a s i o n - p r o s t h i o n . -.0963 -.1297 .1670*
N a s o s p i n a l e - p r o s t h i o n .4409** .3693** .1350
N u m b e r  of cases: 196 p < .01 p < .001
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Figure 32. Plot of function 1 against function 2 for the 
centroids, All-Divisions discriminant analysis 
standardised data
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Figure 33. Plot of function 1 against function 3 for the group 
centroids, All-Divisions discriminant analysis using 
standardised data
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Figure 34. Plot of function 2 against function 3 for the group 
centroids, All-Divisions discriminant analysis using 
standardised data
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group separation along Divisional lines is to be expected, given that 
in this case group differences are based solely on elements of vault 
breadth. Notable in the pattern of regional relationships illustrated 
by Figure 32 are:
1. The extreme distances of both the Upper Markham Valley 
(extremely narrow vaults) and Telefolip-Oksapmin (extremely broad 
vaults) from the main group.
2. The loose association of Lake Kutubu with a tighter cluster 
containing the Kikori River, the Purari River Delta and the Upper 
Sepik River (all narrow vaults).
3. The close association of Erave, the Buang Mountains and 
Nebilyer-Kaugel (intermediate vault breadth).
4. The close association of Astrolabe Bay with the Finschhafen 
Coast (intermediate to broad vaults).
5. The association of Chimbu Gorge with Menyamya (broad vaults).
6. The somewhat isolated position of Mariko (extremely broad 
vaults).
The comparison of vault breadth with vault length (function 1 
versus function 3; Figure 33) results in a much more definite pattern 
of regional relationships. Two regions are individually well 
separated: Telefolip-Oksapmin on the basis of its extreme breadth and 
intermediate length, and Wutung on the basis of its intermediate 
breadth and its extremely reduced length. The remaining regions are 
divided into two clusters, one containing an essentially Central 
Highlands group (Mariko, Nebilyer-Kaugel and Chimbu Gorge) along with 
Menyamya and the Buang Mountains, the other containing the remaining
North and South Coast-Lowland regions, Lake Kutubu and Erave. The
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Highlands cluster is characterised by broader and longer vaults, 
whereas the remaining regions tend to have narrower vaults mixed with 
varying degrees of vault length. Lake Kutubu and the South Coast- 
Lowland regions are superficially separated from the North Coast- 
Lowland regions and Erave on the basis of greater vault length.
The degree of regional separation is again reduced when functions 
2 and 3 are compared (Figure 34) . This plot is effectively a second 
comparison of vault breadth against length, but the only aspect of it 
consistent with Figure 33 is the separation of Wutung. In this 
instance, the Upper Markham Valley is also somewhat divergent, while 
Astrolabe Bay and the Finschhafen Coast are similar in their distances 
from the main cluster. A line can be drawn dividing Nebilyer-Kaugel, 
Lake Kutubu, the Buang Mountains, Menyamya and Chimbu Gorge from 
Mariko, the Purari River Delta, Telefolip-Oksapmin, the Kikori River, 
the Upper Sepik River and Erave, but these two clusters are really 
quite close and do not conform to any particular Divisional 
organisation.
The group classification results (Table 70) indicate that in this 
instance the discriminant analysis has been more successful at 
differentiating the regions with a total success rate of 83.7%. The 
Buang Mountains are now mostly misclassified within the Central 
Highlands Division. The Upper Markham Valley is remarkably distinct. 
Astrolabe Bay and the Finschhafen Coast both tend to misclassify 
within the North Coast-Lowland division, whereas the Upper Sepik River 
misclassifies within the South Coast-Lowland Division. Wutung is 
completely distinct from all other regions. Of the Central Highlands 
regions, Mariko and Chimbu Gorge are both distinct, although Mariko 
misclassifies with Telefolip-Oksapmin and Chimbu Gorge tends to 
misclassify within its own Division. Nebilyer-Kaugel and Erave, on
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the other hand, both tend to misclassify externally with North and 
South Coast-Lowland regions. Menyamya and Telefolip-Oksapmin are both 
completely differentiated from all other regions. Lake Kutubu, the 
Kikori River and the Purari River Delta are also relatively well 
differentiated, most misclassifications occurring internally between 
the three regions, although the Kikori River also misclassifies with 
regions within the North Coast-Lowland Division.
The dendrogram derived from a cluster analysis of the discriminant 
results is given in Figure 35. The regional groupings produced by the 
analysis are almost identical with the configuration derived from the 
raw data analysis of Section 6.4.2 (Figure 31). The first major 
branch separates a mixed Central Highlands and Highlands Fringe 
cluster, while the second branch differentiates a cluster containing 
the Finschhafen Coast, Astrolabe Bay and Wutung from a mixed North and 
South Coast-Lowland cluster. The only major difference between the 
raw and standardised results is the shift of Erave from the 
Finschhafen Coast-Astrolabe Bay cluster (raw analysis) to the mixed 
North Coast-South Coast cluster (standardised analysis), and the shift 
of the Buang Mountains from the mixed North Coast-South Coast cluster 
(raw analysis) to the Central Highland-Highlands Fringe cluster 
(standardised analysis).
6.4.4 Discussion and Summary
Apart from the exceptions described at the end of Section 6.4.3, 
the double-standardisation procedure has resulted in a pattern of 
regional relationships that is identical to the pattern described on 
the basis of the raw data analysis. It appears, therefore, that 
'removing' the size-based component of variation has little effect
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Figure 35. All-Divisions regional relationships based on a cluster 
analysis of the fifteen group centroid discriminant scores for 
functions 1, 2 and 3 using standardised data
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upon the overall result and that shape differences constitute the 
major component of group variation. This result was in some ways 
indicated by the raw data analysis itself.
According to some biological statisticians (see Corruccini 1975), 
the first axis or canonical variate of any multivariate analysis based 
on raw data is usually heavily influenced by size, and attention 
should be concentrated on the minor residual axes or functions as they 
are orthogonal to the first and therefore independent of size. 
Campbell (1978:201) argues against this generalisation, however, 
particularly in regard to the use of discriminant analysis in between- 
group studies.- Whether or not the first canonical variate should be 
ignored as a size-based function is not at issue here; what is of 
interest is whether or not the first canonical variate in the raw data 
analysis of Section 6.4.2 can in fact be identified as a size-based 
function at all. One way of achieving this is to examine the signs of 
the across-groups correlations between the variables and the 
discriminant functions (Table -^ rh) . Should any of the functions be 
particularly size-biased, then we might expect that the majority of 
the correlation signs would be in one direction. This assumes that 
size differences are linear (bi-directional), whereas shape 
differences are proportional (multi-directional).
bbInspection of the correlation coefficient signs in Table 67- 
indicates that function 1 is an even mixture of positive and negative 
correlations and therefore not biased by size differences. If 
anything, it is functions 2 and 3 which might be identified as size- 
dependent according to the definition. The concordance in the results 
of the raw and standardised analyses is therefore not surprising.
The only difference between the two sets of results lies in the
suite of morphological features which are identified as contributing
314
to the pattern of regional relationships. The exclusion of almost all 
facial features by the standardised discriminant analysis has had 
little effect upon the comparability of the raw and standardised 
results and it can be assumed that variation in aspects of vault 
morphology - more specifically, vault breadth - is enough to account 
for the pattern of regional relationships. It is worth noting here 
that when vault breadth alone is used as the single major 
morphological feature differentiating the regions, all but one of the 
higher altitude regions cluster together as a distinct subdivision 
(Figure 35). This point will be elaborated further in Chapter Seven.
6.5 Merged Regions Analyses 
6.5.1 Introduction
The results of the raw and standardised data analyses of the 
previous section are consistent in their subdivision of the fifteen 
regions into three major clusters. Although these clusters do not 
wholly conform to the geographical configuration of the Divisions, the 
clusters basically represent a Central Highlands Group, a North Coast 
Group (cf. North Coast-Lowland Division) and a South Coast Group (cf. 
South Coast-Lowland Division). These Groups are defined on the basis 
of the persistent association of six regions which can be subdivided 
into three core pairs: Chimbu Gorge and Nebilyer-Kaugel (Central 
Highlands), Astrolabe Bay and the Finschhafen Coast (North Coast) and 
the Kikori River and Purari River Delta (South Coast). The purpose of 
this section is to identify the basic morphological pattern which
differentiates these Groups at a general level and to investigate the 
pattern of group relationships.
The analyses presented in Sections 6.5.2 to Section 6.5.4 are 
based on three merged samples which combine the six regions identified 
as being representative of their Groups: Chimbu Gorge and Nebilyer-
Kaugel Valleys are combined as the Central Highlands Group, Astrolabe 
Bay and the Finschhafen Coast as the North Coast Group and Kikori 
River and the Purari River Delta as the South Coast Group.
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6.5.2 Univariate Analysis of Variance
The sample sizes, means and standard deviations for all chord, 
angle and index variables for each Group, along with the results of a 
univariate analysis.of variance for all variables, are given in Table 
71. Assumptions underlying the use of anova are taken as read.
A total of 37 variables (28 chords, two angles and seven indices) 
are significantly variable throughout the three Groups. The chord 
variables specifically relate to vault length (glabella- 
opisthocranion, basion-lambda and foramen magnum length), vault 
breadth (maximum bi-parietal breadth, bi-auriculare, minimum 
postorbital breadth, lambda-asterion and auriculare-basion) , posterior 
vault height (lambda-inion) , the form of both the frontal (nasion- 
bregma and nasion-metopion) and the parietal (parietal subtense 
height), and to elements of facial height (nasion-prosthion, nasion- 
nasospinale, cheek height and orbital height), facial breadth (maximum 
supraorbital breadth, bi-zygion, orbital breadth, bi-maxillofrontale, 
nasofrontal articulation and alveolar breadth) and facial prognathism 
(alveolar length, basion-nasion, basion-nasospinale, basion-prosthion
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Table 71. Summary statistics for 
variance
n X
Glabella-opisthocranion CH1 75 185.6
NC 56 179.4
SH 63 181.4
Maximum bi-parietal br. CH 75 135.4
NC 56 133.6
SH 63 128.6
Bi-auriculare CH 74 123.6
NC 55 118.6
SH 63 115.8
Basion-bregma CH 75 132.8
NC 53 132.4
SH 63 131.5
Maximum supraorbital br. CH 71 108.7
NC 56 106.9
SH 63 105.2
Minimum postorbital br. CH 75 89.0
NC 56 91.0
SH 63 88.4
Nasion-bregma CH 74 112.0
NC 56 109.5
SH 63 108.9
Metopion height CH 74 25.1
NC 56 24.7
SH 63 25.4
Nasion-metopion CH 74 51.4
NC 56 49.1
SH 63 48.1
Glabella prominence CH 74 3.7
NC 56 3.0
SH 63 3.0
Lambda-bregma CH 75 114.3
NC 56 114.0
SH 63 115.2
Parietal subtense h t . CH 75 23.9
NC 56 24.2
SH 63 25.9
Bregma-parietal subtense CH 75 58.2
NC 56 57.8
SH 63 59.7
Mastoid length CH 72 31.6
NC 55 31.1
SH 61 31.6
Lambda-asterion CH 74 85.6
NC 55 82.2
SH 63 82.4
Lambda-inion CH 74 69.5
NC 56 66.9
SH 63 66.8
Merged Regions univariate analysis of
Bartlett-Box Kruskal-Wallis
sd F F H
6.36
7.10
4.35
18.536** 7.203** 27.918**
4.71
5.23
4.36
36.700** . 968 53.015**
4.33
4.83
5.15
47.275** 1.011 65.387**
3.89
4.03
4.39
1.684 .523 2.778
4.21
3.85
4.09
11.941** .244 20.803**
3.42
3.50
3.03
10.476** .711 19.138**
4.83
5.03
3.55
9.169** 4.117* 16.076**
2.20
2.50
2.15
1.690 .772 3.804
3.54
3.45
3.32
17.122** .140 29.466**
1.34
1.26
1.20
6.474** .397 11.718**
6.38
6.72
5.01
.651 2.803 1.063
3.22
2.82
2.33
9.096** 3.354* 18.318**
5.23
7.15
3.09
2.183 18.938** 5.171
3.34
3.02
3.53
.454 .700 1.053
4.79
5.24
4.47
10.800** .736 21.529**
5.83
7.18
5.45
4.315* 2.488 8.523*
Table 71 continued:
Bartlett-Box Kruskal-Wallis
n X sd F F H
B a s i o n - l a m b d a CH 73 117.3 4.32 6 .1 5 1 ** 1.344 13.175**
NC 53 114.4 4.99
SH 63 115.4 4.03
A u r i c u l a r e - b a s i o n CH 74 65.9 2.31 3 7 . 0 1 4 * * 1.375 52.945**
NC 53 63.9 2.65
SH 63 62.1 2.82
F o r a m e n  m a g n u m  l e n g t h CH 73 36.0 2.33 5 . 3 8 8 * * .126 11.678**
NC 51 35.2 2.45
SH 63 34.7 2.30
F o r a m e n  m a g n u m  b r e a d t h CH 72 29.3 1.79 2.2 8 4 1.840 4.024
NC 51 29.9 2.14
SH 63 29.9 2.25
N a s i o n - p r o s t h i o n CH 63 71.0 4.11 1 2 . 6 1 5 * * 1.682 2 2.595**
NC 45 67.3 3.58
SH 58 68.2 4.66
B i - z y g i o n CH 58 134.7 5.21 2 3 . 6 9 3 * * .032 35.062**
NC 35 131.9 5.13
SH 50 127.7 5.33
N a s i o n - n a s o s p i n a l e CH 75 51.8 3.20 1 2 . 0 6 5 * * 1.634 21.969**
NC 56 49.6 2.58
SH 62 52.1 3.19
N a s a l  b r e a d t h CH 74 25.9 1.59 1.547 1.507 2.353
NC 55 26.0 1.87
SH 63 26.4 1.94
C h e e k  h e i g h t CH 75 22.6 2.22 9 . 2 1 3 * * .099 15.147**
NC 56 21.5 2.16
SC 63 21.0 2.10
O r b i t a l  h e i g h t CH 75 33.7 1.71 7 . 4 0 7 * * 3.349* 14.695**
NC 56 32.9 1.52
SH 63 34.1 2.12
O r b i t a l  b r e a d t h CH 75 40.0 1.59 1 7 . 6 3 4 * * .070 31.533**
NC 56 38.8 1.67
SH 63 38.5 1.63
B i - m a x i l l o f r o n t a l e CH 74 23.8 1.86 1 8 . 8 0 0 * * .622 29.338**
NC 56 22.7 2.09
SH 63 21.7 2.09
N a s o f r o n t a l  a r t i c u l a t i o n CH 71 11.5 1.93 7 . 7 3 3 * * 1.047 15.458**
NC 55 10.8 2.11
SH 62 10.2 1.74
A l v e o l a r  leng t h CH 69 59.9 2.92 6 . 2 0 9 * * .048 11.530**
NC 49 58.2 2.81
SH 60 58.5 2.84
A l v e o l a r  b r e a d t h CH 64 67.2 3.37 5 . 0 0 1 * * .139 9.932**
NC 49 66.0 3.39
SH 58 65.3 3.18
B a s i o n - n a s i o n CH 75 101.1 3.43 5 . 0 8 8 * * .283 9.992**
NC 53 99.1 3.73
SH 63 100.3 3.71
B a s i o n - n a s o s p i n a l e CH 75 95.4 3.97 5 . 9 5 2 * * .127 13.235**
NC 53 94.8 4.22
SH 62 97.3 4.03
B a s i o n - p r o s t h i o n CH 63 103.0 4.33 4 . 4 2 6 * .406 8.328*
NC 43 100.4 3.95
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Table 71 continued:
Bartlett-Box Xruskal-Wallis
n X sd F F 3
Nasospinale-prosthion CH 63 21.0 2.49 43.365** 1.139 60.595**
NC 43 18.3 2.43
SH 58 16.6 2.92
Prosthion angle CH 63 68.4 3.44 1.295 .251 4.553
NC 43 69.4 3.16
SH 58 69.0 3.18
Nasospinale angle CH 75 81.0 3.63 12.453** .068 23.497**
NC 53 80.1 3.49
SH 62 78.0 3.49
Subnasal angle CH 63 64.2 7.07 8.483** .492 16.101**
NC 43 68.0 6.15
SH 58 68.9 6.54
Cranial module CH 75 151.3 3.69 23.178** 3.128* 38.365**
NC 53 148.5 4.17
SH 63 147.2 2.99
Cranial index CH 75 73.0 3.06 18.961** 2.579 32.228**
NC 56 74.6 3.80
SH 63 70.9 2.88
Frontal curvature index CH 74 22.4 1.49 6.009** 2.872 11.001**
NC 56 22.5 2.01
SH 63 23.3 1.69
Parietal curvature index CH 75 20.9 2.37 10.730** 5.332** 20.547**
NC 56 21.2 1.97
SH 63 22.4 1.58
Upper facial index CH 49 52.9 3.08 5.429** 1.035 9.193**
NC 31 51.1 3.2-3
SH 45 53.7 3.78
Orbital index CH 75 84.2 4.50 17.354** .230 28.807**
NC 56 84.8 4.90
SH 63 88.6 4.64
Nasal index CH 74 50.2 4.32 4.576* 1.416 9.816**
NC 55 52.5 4.70
SH 62 51.0 3.77
Maxillo-alveolar index CH 62 112.1 6.77 1.071 . 664 2.690
NC 48 113.6 5.92
SH 58 112.1 5.97
Gnathic index CH 63 101.7 4.20 .174 .700 .703
NC 43 101.3 3.57
SH 58 101.6 4.13
P < .05 ** p < .01
1 CH Central Highlands
NC North Coast
SC South Coast
319
and nasospinale-prosthion). Glabella prominence is also significantly 
variable.
Group differences in aspects of vault and facial morphology are 
also indicated by significant values for most of the angles and 
indices. However, the absence of significant variation in the gnathic 
and maxillo-alveolar indices and the prosthion angle indicates that 
while differences in the degree of facial prognathism are restricted 
to the nasal and subnasal regions, palatal shape remains uniform 
throughout the three Groups.
The results of pairwise comparisons of the Group means based on 
the Scheffe multiple comparisons test for the 37 variables significant 
for F are given in Table 72. If the number of variables significant 
for each pair is taken as an indicator of the degree of Group 
difference, the Central Highlands and the South Coast are the two most 
divergent (29 variables), followed by the Central Highlands and the 
North Coast (23 variables) . The North and South Coast Groups are the 
most similar of the three (17 variables).
The Central Highlands and the North Coast are differentiated by a 
range of vault and facial characteristics. Various significant chord 
measures of vault length and breadth indicate that the Central 
Highlands vault is, on average, longer and broader (refer to Table 
71), although significant differences in the mean values of the 
cranial index suggest that the Central Highlands vault is narrower 
relative to its length. The observation of absolutely greater vault 
breadth is simply a function of overall size differences, indicated by 
the significantly greater mean value of the cranial module for the 
Central Highlands. Narrower minimum postorbital breadths for this 
Group, however, suggest a greater degree of postorbital constriction.
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Table 72. Anova multiple comparisons test results, Merged Regions. An 
asterisk indicates the regional pair shows significant 
differences at p < .05
Regional Pairs
Variable CH-NC CH-SC NC-£
Glabella-opisthocranion * *
Maximum bi-parietal br. ★ *
Bi-auriculare * * *
Maximum supraorbital br. *
Minimum postorbital br. ■k *
Nasion-bregma •k ★
Nasion-metopion * *
Glabella prominence * ★
Parietal subtense ht . * ★
Lambda-asterion * *
Lambda-inion *
Basion-lambda *
Auriculare-basion * ★ *
Foramen magnum length *
Nasion-prosthion ★ ★
Bi-zygion * *
Nasion-nasospinale * *
Cheek height * ★
Orbital height * ★
Orbital breadth * *
Bi-maxillofrontale * * ★
Nasofrontal articulation *
Alveolar length * *
Alveolar breadth *
Basion-nasion *
Basion-nasospinale * *
Basion-prosthion ★
Nasospinale-prosthion * * ★
Nasospinale angle * ★
Subnasal angle * *
Cranial module ★ *
Cranial index * * *
Frontal curvature index * *
Parietal cuvature index * *
Upper facial index *
Orbital index * *
Nasal index *
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In the absence of a significant value for the frontal curvature 
index between the Central Highlands and the North Coast, variation in 
both nasion-bregma and nasion-metopion length (both greater in the 
Central Highlands) is attributed to the overall differences in vault 
length and size already discussed.
Significant differences in aspects of facial morphology are mostly 
confined to elements of facial height (general upper facial, orbital, 
nasal and cheek) , with only two of the six chord measures of facial 
breadth (orbital breadth and bi-maxillofrontale) showing significant 
levels of variation. The only significantly variable facial index is 
the nasal index (indicating narrower nasal apertures in the Central 
Highlands), and the absence of mean variation in the other indices 
suggests that differences in the facial chord dimensions (all greater 
in the Central Highlands) are again a function of primary size 
differences.
Basic size differences in the facial skeleton between the two 
Groups also explain the observation of significant variation in three 
of the chord measures of facial prognathism, with basion-nasion, 
basion-prosthion and nasospinale-prosthion length all being greater in 
the Central Highlands. However, a significant value for the subnasal 
angle indicates that Central Highlands crania are more subnasally 
prognathic.
A similarly mixed suite of vault and facial characteristics 
differentiates the Central Highlands from the South Coast (Table 72), 
although in this instance elements of vault and facial breadth 
predominate. The cranial module is again significantly different and 
indicates a general increase in vault size for the Central Highlands. 
Significant chord measures of vault length and breadth follow this 
trend (all greater in the Central Highlands) , but the cranial index
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indicates that in this case the Central Highlands vault tends to be 
broader relative to its length. This is in contrast to the Central 
Highlands-North Coast comparison.
Variation in the form of the superior sagittal contour between the 
Central Highlands and the South Coast is indicated by significant 
differences in nasion-bregma, nasion-metopion, parietal subtense 
height and both the frontal and parietal curvature indices. The 
Central Highlands tend to present a generally flatter sagittal vault 
contour, both anteriorly and posteriorly.
Differences in the size of the facial skeleton between the Central 
Highlands and the South Coast are indicated by a lack of significant 
variation in most of the facial indices, while six of the eight chord 
measures of facial height and breadth (nasion-prosthion, bi-zygion, 
cheek height, orbital breadth, bi-maxillofrontale and nasofrontal 
articulation) and two of the four chord measures of facial prognathism 
(basion-nasospinale and nasospinale-prosthion) are all significantly 
variable. Breadth dimensions tend to predominate, yet neither the 
upper facial, the nasal nor the maxillo-alveolar indices display any 
degree of variation. The orbital index is the only exception and 
indicates wider orbits in the Central Highlands. Facial prognathism 
is nasally greater in the South Coast Group (indicated by its smaller 
value for the nasospinale angle) and subnasally greater in the Central 
Highlands Group (indicated by its smaller value for the subnasal 
angle).
Size-related variation in cranial morphology ceases to be a 
complicating factor when the North and South Coasts are compared. 
Neither the cranial module nor any of the various chords related to 
vault length are significantly different between the two Groups.
Variation in the cranial index, indicating narrower vaults for the
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South Coast, is therefore purely a function of differences in vault 
breadth. This is reflected by significant values for four separate 
chord measures of vault breadth (maximum bi-parietal breadth, bi- 
auriculare, minimum postorbital breadth and auriculare-basion).
A greater degree of sagittal vault curvature for the South Coast 
is indicated by significant values for both the frontal and parietal 
curvature indices. A similar observation was made in the previous 
comparison of the South Coast with the Central Highlands.
Only six chord variables (bi-zygion, bi-maxillofrontale, nasion- 
nasospinale, orbital height, basion-nasospinale and nasospinale- 
prosthion), one angle (nasospinale) and two indices (upper facial and 
orbital) indicate significant variation in facial morphology between 
the two coastal Groups. The South Coast facial skeleton is generally 
higher and narrower and nasally more prognathic.
Summarising the results of the pairwise comparisons, size-related 
aspects of both vault and facial morphology are the primary features 
differentiating the three Groups. The Central Highlands are separated 
from both the North and South Coasts on this basis. Specifically 
shape-related components of variation appear to be of secondary 
importance by comparison and mostly serve to differentiate the two 
coastal Groups. Of particular interest in this regard is the 
observation that although relative vault shape is significantly 
variable throughout the three Groups, it is not consistent in its 
differentiation of the Central Highlands. The only shape-related 
feature which regularly differentiates this Group is its greater 
degree of subnasal prognathism.
Shape-related differences are more apparent between the North and 
South Coasts. They are of particular importance in differentiating
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the South Coast from both the Central Highlands and the North Coast on 
the basis of absolutely narrower vaults and facial skeletons, a 
greater degree of frontal and parietal curvature, and a greater degree 
of nasal prognathism.
6.5.3 Raw Data Discriminant and Cluster Analyses.
The results of a discriminant and cluster analysis using raw data 
are given in Tables 73 to 75 and Figures 36 and 37. The stepwise 
discriminant analysis resulted in a mixture of 12 vault and facial 
variables being finally selected for inclusion: glabella- 
opisthocranion, maximum bi-parietal breadth, minimum postorbital 
breadth, lambda-bregma, parietal subtense height, basion-lambda, bi- 
zygion, nasal breadth, orbital height, orbital breadth, basion- 
nasospinale and nasospinale-prosthion. Missing values reduced the 
number of available cases from 194 to 123 (Central Highlands 49; North 
Coast 29; South Coast 45); the parent-subset sample checking procedure 
verified the subset samples as being representative of their 
respective groups on the basis of comparable variable means and 
associated univariate F values. Box's M is not significant (p = 
.5582), indicating equivalent degrees of dispersion in group 
covariance. Both of the discriminant functions computed by the 
analysis are significant for Wilk's lambda (p = .0000) (Table 73).
The across-groups correlations (Table 74) indicate that group 
separation on function 1 is primarily the result of variation in 
subnasal prognathism (nasospinale-prosthion) and vault and facial 
breadth (maximum bi-parietal breadth and bi-zygion). Orbital breadth 
is also identified as a secondary discriminating variable. Function 2 
is best correlated with vault length (glabella-opisthocranion) ,
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Table 73. Summary statistics for the performance of the discriminant 
functions, Merged Regions discriminant analysis using raw data
% of Canonical Wilk's
Function Eigenvalue Variance Correlation Lambda Chi2 d.f. P
1 2.3152 79.56 .8357 .1892 190.66 24 .0000
2 .5946 20.44 .6106 .6271 53.43 11 .0000
Table 74. Across-groups correlations between discriminating variables 
and discriminant functions 1 and 2, Merged Regions discriminant 
analysis using raw data
Variable
Glabella-opisthocranion
Maximum bi-parietal breadth
Minimum postorbital breadth
Lambda-bregma
Parietal subtense height
Basion-lambda
Bi-zygion
Nasal breadth
Orbital height
Orbital breadth
Basion-nasospinale
Nasospinale-prosthion
Number of cases: 123
Across-groups
correlations
Function 1 Function 2
.3455** .5457**
.5851** -.2134*
.0070 -.3447**
-.1254 .2318*
-.2991** .2121*
.2325* .4672**
.6035** -.1378
-.2238* .2830**
-.0335 .4532**
.4779** .2259*
-.1825 .3978**
. 6709** .1723
01 ** p < .001
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Table 75. Group classification results, Merged Regions discriminant 
analysis using raw data
Actual group n
Central Highlands 49
North Coast 29
South Coast 45
Predicted group membership
CH NC SC
46 2 1
93.91 4.1 2.0
2 23 4
6.9 79.3 13.3
1 4 40
2.2 8.9 88.9
Percent of grouped cases correctly classified: 88.62%
1 Numbers in italics are percentages.
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Figure 36. Plot of function 1 against function 2 for all cases and 
group centroids, Merged Regions discriminant analysis using 
data
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Figure 37. Merged Regions relationships based on a cluster analysis of 
the three group centroid discriminant scores for functions 1 
and 2 using raw data
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basion-lambda height and orbital height being identified as secondary 
discriminators.
The canonical plot of the individual group cases and the group 
centroids for functions 1 and 2 (Figure 36) indicates that all three 
Groups are well differentiated, both in terms of distinct clustering, 
with only minor overlap of individual case scores, and the relative 
positions of the group centroids. Function 1, accounting for almost 
80% of the total variance (Table 73) and hence identified as the major 
component of group separation, maximally separates the Central 
Highlands and the South Coast. The North Coast is slightly closer to 
the South Coast than it is to the Central Highlands for this function. 
Interpreting the signs and the values of the correlation coefficients 
from Table 74, the Central Highlands Group is therefore distinguished 
by a greater degree of subnasal prognathism and broader vaults and 
faces. Conversely, the South Coast Group is characterised as having 
the narrowest vaults and faces and as being the least subnasally 
prognathic group. This same suite of morphological vault and facial 
features was identified in the anova as separating the Central 
Highlands from both the North and South Coasts.
Function 2 is very much identified as a secondary component of 
group separation, contributing only 20% to the total variance (Table 
73) . It maximally separates the North and South Coast Groups, and in 
this instance the Central Highlands Group falls much closer to the 
South than the North Coast Group. The North Coast is therefore 
distinguished from the other two Groups by its reduced vault length 
combined with secondary features of lower posterior vault height and 
orbital height. It should be stressed, however, that these 
distinguishing features are of considerably less importance when 
compared with the morphological pattern described by function 1.
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The group classification results (Table 75) reflect the canonical 
plot by indicating a significant degree of group separation, with a 
total success rate of 88.6%. The Central Highlands is the single best 
classified Group, but it is interesting to note that two-thirds of its 
misclassifications are with the North Coast. This latter Group is the 
least well differentiated of the three and misclassifies most with the 
South Coast. The South Coast is also well differentiated but reflects 
a basic level of similarity with the North Coast by having almost all 
of its misclassifications with this Group.
The observation of a primary separation of the Central Highlands 
and a basic similarity between the North and South Coasts based on the 
raw data analysis is well illustrated by the results of the cluster 
analysis (Figure 37).
6.5.4 Standardised Data Discriminant and Cluster Analyses
The results of the standardised data discriminant analysis are 
given in Tables 7 6 to 78 and Figures 38 and 39. The only difference 
between the results of the raw and standardised data analyses is in 
the variables indicated as the primary morphological discriminators. 
In the standardised analysis, a total of 12 variables were again 
selected by the stepwise procedure: maximum bi-parietal breadth, 
basion-bregma, minimum postorbital breadth, nasion-metopion, lambda- 
bregma, parietal subtense height, lambda-asterion, nasion-prosthion, 
bi-zygion, nasion-nasospinale, basion-nasospinale and nasospinale- 
prosthion. In this instance, however, the list comprised more vault 
than facial variables, with measures of vault breadth and sagittal 
curvature predominating. The combination of vault and facial 
variables appears to be reflecting general shape rather than size
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Table 76. Summary statistics for the performance of
functions,
standardised
Merged
data
Regions discriminant analysis
% of Canonical Wille' b
Function Eigenvalue Variance Correlation Lambda Chi2 d . f . P
1 2.4 3 5 2 69.26 .8420 .1399 195. 7 1 24 .0000
2 1.0810 30.74 .7207 .4805 72.92 11 .0000
the discriminant 
using
Table 77. Across-groups correlations between discriminating variables 
and discriminant functions 1 and 2, Merged Regions discriminant 
analysis using standardised data
Variable
Maximum bi-parietal breadth 
Basion-bregma
Minimum postorbital breadth
Nasion-metopion
Lambda-bregma
Parietal subtense height
Lambda-asterion
Nasion-prosthion
Bi-zygion
Nasion-nasospinale 
Basion-nasospinale 
Nasospinale-prosthion
Number of cases: 108
Across-groups
correlations
'unction 1 Function 2
- .2219 .6319**
.3450** .0109
.4471** . 6339**
-.3092** .1314
.4101** -.1329
.3937** -.2116
-.0888 -.0595
-.1935 -.2430*
-.4558** . 4957**
. 1307 -.4276**
.5125** -.2229
-.6793** .0518
.01 ** p < .001
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Table 78. Group classification results, Merged Regions discriminant 
analysis using standardised data
Actual group
Central Highlands
North Coast 
South Coast
Predicted group membership
41
97. 61
1
2.4
24
96. 0
1
4.0
3
7.3
1
2.4
37
90.2
Percent of grouped cases correctly classified: 94.44%
1 Numbers in italics are percentages.
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Figure 38. Plot of function 1 against function 2 for all cases and the 
group centroids, Merged Regions discriminant analysis using 
standardised data
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Figure 39. Merged Regions relationships based on a cluster analysis of 
the three group centroid discriminant scores for functions 1 
and 2 using standardised data
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differences. Missing values reduced the number of available cases 
from 194 to 108 (Central Highlands 42; North Coast 25; South Coast 
41). Box's M is not significant (p = .2125), while the two 
discriminant functions computed by the analysis are both significant 
for Wille's lambda (p = .0000) (Table 76) .
Group separation on function 1 is identified by the across-groups 
correlations (Table 77) as the result of significant variation in 
nasospinale-prosthion length and hence of subnasal prognathism. 
Secondary discriminators on this function are basion-nasospinale 
(nasal prognathism), and bi-zygion and minimum postorbital breadth. 
Function 2 is best correlated with maximum bi-parietal breadth and 
minimum postorbital breadth; bi-zygion and nasion-nasospinale are 
indicated as secondary discriminators on this function.
Group separation on the basis of the individual case scores for 
the two functions (Figure 38) is close to being total. The relative 
positions of the group centroids on each of the functions are almost
identical to the pattern described for the raw data analysis in
Section- 6.5.3. (Figure 36) Function 1 accounts for 69.3% of the
total variance and is again identified as the major component of group 
variation. The Central Highlands Group remains separated from the 
North and South Coast Groups on this function and is distinguished by 
its greater degree of subnasal prognathism, a reduction in the degree 
of nasal prognathism and greater facial (bi-zygion) breadth combined 
with narrow postorbital breadth. Similar morphological features 
(subnasal prognathism, greater facial breadth and greater postorbital 
constriction) were identified in the anova as differentiating the 
Central Highlands Group from both of the coastal Groups.
Function 2 is again identified as describing only a minor
component (31%, Table 76) of the total pattern of group variation.
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The two coastal Groups are maximally discriminated by the function, 
with the Central Highlands Group again falling closer to the South 
rather than the North Coast Group. The North Coast Group is in this 
instance differentiated from the other two by virtue of its greater 
vault and secondary facial breadth.
The classification results (Table 78) confirm the almost complete 
separation of the three Groups with a total success rate 94.4 %, 
although in this instance the South Coast Group has a greater rate of 
misclassification with the Central Highlands Group than it does with 
the North Coast Group. Nevertheless, the results of the cluster 
analysis (Figure 39) indicate that the Central Highlands Group is 
again well differentiated from the two coastal Groups.
6.5.5 Discussion and Summary
The conclusion to be drawn from the comparable results of the raw 
and standardised data analyses is that removal of the size-related 
component of variation does little to alter the general pattern of 
morphological variation that exists between the three Groups. Indeed, 
the roughly equal mix of positive and negative correlation 
coefficients for function 1 in the raw data analysis (Table 7 4) is a 
further indication of the lack of a significant size component in the 
pattern of between-group variation.
This observation should not, however, be interpreted as negating 
the results of the anova which identified a basic size difference 
between the Central Highlands Group on the one hand and the two 
coastal Groups on the other. The distinctiveness of the Central 
Highlands Group due to its greater vault and facial size is real. The
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discriminant results have simply indicated that removing size does 
very little to alter the pattern of Group relationships. In fact, the 
anova and discriminant results combined demonstrate that size and 
shape are intimately, but not inextricably, linked as co-determinants 
of the total morphological pattern.
6.6 Summary and Conclusions
To conclude, a number of summary observations can be made 
regarding the pattern of morphological variation and regional 
relationships that exists within Papua New Guinea.
1. The North Coast-Lowland Division is relatively homogeneous for 
the morphological features of vault and facial breadth identified as 
the major discriminators. The only major separation within the 
Division is the isolation of the Buang Mountains by virtue of 
significantly narrower vaults and facial skeletons. The Upper Markham 
Valley is also distinguished to a minor degree by its relatively 
greater vault height.
2. The Highlands Fringe Division is an artificial construct 
without biological validity. Its three constituent regions are all 
extremely well differentiated on the basis of significant variation in 
aspects of vault length and vault and facial breadth. Telefolip- 
Oksapmin is especially differentiated by extreme bi-parietal breadth, 
achieving the greatest mean value of all 16 regions for this variable.
3. If Goaribari Island is excluded from consideration due to its
aberrant range of variation over a number of vault characteristics,
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the South Coast-Lowland Division may considered relatively homogeneous 
for most aspects of vault and facial morphology. This aberrancy is 
attributed to a unique contribution to the general genetic and 
environmental factors which determine the pattern of morphological 
variation. The possibility that this contribution is culturally 
related and the result of artificial cranial deformation has been 
raised.
4. The non-Highlands regions are differentiated primarily on the 
basis of differences in vault morphology. The North Coast-Lowland 
Division is generally characterised' by intermediate vault length and 
breadth, although secondary features of vault and facial height and 
facial breadth differentiate the Upper Sepik River, Astrolabe Bay and 
the Finschhafen Coast from Wutung and the Upper Markham Valley. A 
particularly strong association between Astrolabe Bay and the 
Finschhafen Coast is indicated. The Buang Mountains remain well 
separated from the other North Coast-Lowland regions and are more 
similar to a southern grouping which contains Lake Kutubu, the Kikori 
River and the Purari River Delta. A particularly strong association 
between Lake Kutubu and the Kikori River is indicated. These southern 
regions and the Buang Mountains are characterised by long, low, narrow 
vaults and narrow faces. Menyamya is distinguished by a unique 
combination of vault and facial features, although it tends to cluster 
within an essentially North Coast-Lowland grouping. Telefolip- 
Oksapmin is the single most divergent region and is again 
differentiated on the basis of its extreme vault breadth.
5. The addition of the Central Highlands Division to an 
investigation of regional variation tends to result in a breakdown of 
the specific pattern of regional relationships identified in the non- 
Highlands analysis. The major morphological features discriminating
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the regions relate primarily to elements of vault and facial breadth, 
and at a secondary level to vault length and height. An analysis 
based on raw data separates a cluster containing regions from both the 
Central Highlands and Highlands Fringe Divisions from two other 
clusters which essentially distinguish the North and South Coast- 
Lowland Divisions, although the South Coast-Lowland cluster is 
somewhat variable in its composition. Removing the size-related 
component of variation reduces the range of significant morphological 
features to elements of vault breadth alone, yet the general pattern 
of regional relationships remains stable. When vault breadth alone is 
considered as the primary morphological discriminator, the result is a 
major separation of the regions which is in some ways related to 
altitude.
6. Consideration of the basic pattern of morphological variation 
between the Central Highlands Group and the North and South Coast 
Groups based on a series of merged samples identifies both size and 
shape-related components as equally important contributors. The
Central Highlands are differentiated from both coastal Groups
primarily on the basis of greater cranial size, but also greater
subnasal prognathism. The South Coast Group is specifically
differentiated from the Central Highlands and North Coast Groups by 
virtue of shape-related features of the vault and facial skeleton, 
including long, low and narrow vaults with a significantly greater 
degree of frontal and parietal curvature, and narrower, more nasally 
prognathic faces. The North Coast Group is intermediate to both the 
Central Highlands and South Coast Groups for a variety of size and
shape related vault and facial features.
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CHAPTER 7 
DISCUSSION
7.1 Introduction
Discussion of the data analyses described in Chapters Five and Six 
is organised following the subject matter of each. Section 7.2 is a 
consideration of the results for the Central Highlands Division 
analyses alone. Section 7.3 is a discussion of the general pattern of 
craniometric relationships that exists within mainland Papua New 
Guinea. The possibility of an environmental component to the pattern 
of craniometric variability, raised in Chapter Three, is investigated. 
The pattern of group relationships which results from deletion of this 
non-genetic factor is then interpreted as a more accurate reflection 
of phylogenetic history.
7.2 Homogeneity versus Heterogeneity in the Central Highlands 
7.2.1 Bone versus Blood
The statistical analysis of recent prehistoric craniometric 
variation throughout four regional populations of the Central
Highlands Division indicates that apart from a minor differentiation
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of the eastern region from the central and western regions, the area 
is biologically homogeneous.
This is in contrast to the observation of extreme population 
heterogeneity indicated for the Central Highlands by analyses based on 
blood group and serum protein polymorphisms (Semple et al. 1956; Walsh 
et al. 1960; Curtain et al. 1965; Vines and Booth 1965; Blackburn and 
Hornabrook 1969; Sinnett et al. 1970; Buchbinder and Clark 1971; 
Malcolm et al. 1971; Littlewood 1972; Serjeantson and Lai 1973) . The 
results of many of these studies indicate a significant degree of 
genetic diversity within the Division. This occurs not only at the 
regional level .between populations which equate geographically to the 
regions used in the present study (for example, the comparison of 
samples from Wabag, Mount Hagen, Nondugl, Simbu and Goroka by 
Macintosh et al. 1958), but also within such regional populations 
(Kariks et al. 1960), to the level of clans within a set of related 
villages (Macintosh et al. 1958) . We may also note, as discussed in 
Chapter Two, the high level of genetic heterogeneity described by 
Giles, Walsh and Bradley (1966) and Giles et al. (1970) for three 
geographically adjacent villages in the Eastern Highlands Province, 
originally derived from the same ancestral village and temporally 
separated by only a few generations.
The contradictory observations of biological homogeneity on the 
one hand, based on the craniometric results, and genetic heterogeneity 
on the other, based on the serological analyses, may be reconciled if 
the underlying genetic bases of each are considered.
Most blood group and serum protein polymorphisms are monogenic in 
nature. That is, their individual phenotypic expression is controlled 
by the combined action of a single polymorphic gene (or locus) and a 
range of environmental influences (Bodmer and Cavalli-Sforza
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1976:762), although environmental effects on the expression of most 
monogenic phenotypes are limited (Molnar 1983:93). On the other hand, 
craniometric traits are quantitative, continuous rather than discrete 
in their distribution, and polygenic in nature: that is, their 
phenotypic expression is determined by the joint action of multiple 
genes, each having an equal and additive effect, and non-genetic 
(environmental) influences (Relethford and Lees 1982:114; Eckhardt 
1989:204) .
Environmental influences can be of considerable importance in 
determining patterns of craniometric variation. This will be 
discussed further in the next section. However, the four regional 
samples comprising the Central Highlands Division have been drawn from 
similar geographic, climatic and subsistence environments, thus 
neutralising the potential for phenotypic variation due to either 
overt environmental differences or differential selection pressures.
In the absence of environmental effects and differential selection 
pressures, and discounting spontaneous mutation as affecting the 
polygenic nature of craniometric traits in the short term, gene flow 
and genetic drift can be identified as the major evolutionary 
determinants of genetic variation in the Central Highlands.
While gene flow increases the degree of genetic variation within a 
population, it tends to have a levelling effect on the pattern and 
degree of genetic diversity between populations (Bodmer and Cavalli- 
Sforza 1976: 396; Relethford 1990:82, 98-104) . Gene flow might be 
expected to result from, on the one hand, explicit migration: for 
instance the movement of individuals to new groups as spouses or the 
large-scale movement of whole groups as a result of warfare, disease 
or local environmental hardship. On the other hand it may result from 
what might be called 'genetic' migration, the indirect transmission of
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genes firom population to population via, for example, trade or 
ceremonial exchange networks. Patterns of genetic variation which 
result primarily from the action of gene flow might be expected to 
follow a simple model of isolation by distance.
Genetic drift is also the result of biological and cultural 
interactions, but as an evolutionary mechanism it is more dependent on 
population size for its potential effects to be realised (Relethford 
1990:94) . Genetic drift is the result of random fluctuations in 
allele frequencies from one population to the next and the smaller a 
population, the more significant the effects of drift will be over a 
finite number of generations (Bodmer and Cavalli-Sforza 1976:392). In 
the presence of relative geographic or cultural isolation, genetic 
drift will therefore tend to promote and progressively intensify 
genetic diversity between populations.
The explanation of observed heterogeneity in the monogenic 
serological systems referred to earlier in this section and discussed 
in Chapter Two is invariably couched in terms of cultural and 
demographic processes which promote biological isolation. Thus, 
random genetic drift and in particular the founder effect are cited as 
the major evolutionary determinants of the genetic pattern for these 
systems. Genetic drift is seen as being promoted (if not enforced) by 
social structures such as restricted exogamy, which effectively limit 
both rates of migration and the distances over which spouses may 
travel.
Clan exogamy and patrilocality were the norm in the Central 
Highlands at contact (Brown 1978:8), but the distances over which 
women moved as wives need not have been very great. For example, 
Burton (1987:186) examines the distances over which the Tungei of the 
Middle Wahgi traditionally drew their wives. Women had a 1 in 3
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Chance of marrying within a 2.5)cm radius of their homes; more than 2 
in 3 married within a 5km radius, while almost all the remainder were 
married within 15km of their homes. Thus, while such groups may have 
structured their marriage patterns along exogamous clan lines, the 
actual distances involved are limited and would have served to 
restrict gene flow between neighbouring groups. In areas where the 
intensity of warfare was relatively high, marriages were likely to be 
on a strictly endogamous basis (Feil 1987:73-77).
Although it may be appropriate to call upon genetic drift as the 
evolutionary mechanism responsible for the regional pattern of 
monogenic heterogeneity within the Central Highlands, it does not 
necessarily follow that this same mechanism will influence polygenic 
traits (eg. craniometries) to the same extent. Since drift and gene 
flow are indeed the primary determinants of population structure among 
.populations in a local area (Relethford and Lees 1982:116), an 
assessment of the effect of these evolutionary forces upon polygenic 
traits is critical to our understanding of craniometric variation in 
the Central Highlands.
Opinion is divided as to the effect of genetic drift and gene flow 
on quantitative, polygenic traits. For example, Howells (1973c:172) 
has stated that "drift may operate significantly on the genetic 
component of continuously varying traits, as it does on single gene 
characters". Morton and Lalouel (1973) arrived at a similar 
conclusion based on their comparison of anthropometric and serological 
variation in Micronesia. Others have disagreed, however, stating that 
single locus and polygenic traits respond differently to drift and 
gene flow. Drift is often seen as having little effect on metric 
traits, presumably because random fluctuations are apt to cancel one 
another for a large number of independent loci (Workman and Niswander
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1970; Spielman 1973; Rothhammer et al. 1977; Froelich and Giles 
1981b) . It has also been suggested that while gene flow can affect 
metric variation among populations, metric traits tend to respond far 
more slowly than do single locus traits (Hanna 1962; Rothhammer et al. 
1977) .
If polygenic traits do not respond to drift and gene flow as 
rapidly and as completely as monogenic traits, then it is reasonable 
to assume that the former will have a much greater evolutionary and 
hence phylogenetic stability. This observation has been convincingly 
argued for dermatoglyphic features (Froelich 1987; Dow et al. 1987) . 
Froelich and Giles (1981b) found evidence supporting the evolutionary 
stability of dermatoglyphic features in their investigation of 
comparative biological variation within three independent village 
complexes in the Eastern Highlands and Markham Valley regions for a 
range of serological, anthropometric and dermatoglyphic features. 
Close similarities in the dermatoglyphic pattern of villages that are 
otherwise heterogeneous in their blood genetic and anthropometric 
patterns (implying major founding effects) is taken as strong support 
for the hypothesis.
A similar observation has been made for populations in the Central 
Highlands. Lin et al. (1983) have shown that a series of clans from 
the Enga of the Western Highlands (Enga Province) which are 
heterogeneous on the basis of their serological (Macintosh et al. 
1958) and anthropometric (Freedman and Macintosh 1965; Watson et al. 
1977) patterns of variability are remarkably homogeneous for a range 
of dermatoglyphic features.
The results of these dermatoglyphic investigations tend to 
validate the theoretical proposition that polygenic traits are more 
resistant to evolutionary forces than are monogenic traits, and that
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the former are therefore of greater phylogenetic stability and 
historical relevance. This proposition is only generally true, 
however, in the absence of significant selection and direct 
environmental effects. These factors need to be either of
demonstrated unimportance, as is the case for dermatoglyphics (see 
Froelich 1987:176-177), or identified and analytically controlled in 
other metric systems such as anthropometries where, as mentioned 
above, their potential action can have a dramatic effect upon both 
genotypic and phenotypic expression.
With regard to the present study, it is therefore reasonable to 
conclude that the pattern of population variability described for the 
Central Highlands Division on the basis of craniometric variation is 
representative of a stable genetic pattern, relatively immune to the 
short-term effects of gene flow or to the action of random genetic 
drift. The fact that this pattern is one of relative regional 
homogeneity indicates that the populations represented by the four 
Central Highlands samples share a common gene pool with regard to 
complex polygenic traits. It further implies a common ancestry of 
great but unknown time depth.
It is likely that in the past, particularly prior to the advent of 
agriculture, the balance between gene flow and genetic drift would 
still have been affected by non-evolutionary factors such as small 
population size and limited exchange, both genetic and cultural. If 
it were possible (as it may well soon be) to assess the degree of 
genetic diversity in these Central Highlands populations some 
thousands of years ago for a range of monogenic systems, we would 
still expect to find a more diverse genetic pattern than the pattern 
of genetic relationships indicated by the craniometry of these same 
people. Indeed, diversity within the monogenic systems might well
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have been greater than it is now, since intergroup relationships 
centreing on pig-killing ceremonies and systems of ceremonial 
exchange, which might be expected to moderate that diversity, are seen 
by many scholars to follow on developments in the field of 
agricultural production only within the last 2,000 years (Golson 1982; 
Modjeska, 1977, 1982; Feil 1987:8-9). This is the picture drawn for 
Highlands regions from Chimbu westwards, while eastwards the course of 
agricultural and social history is thought to have been significantly 
different (Feil 1987:12-37). The greatest development of intergroup 
contact in the west is in the historically linked systems of 
ceremonial exchange represented by the moka of the Mount Hagen region, 
the Enga tee to the west and, probably, the mok ink of mendi to the 
south (Feil 1987:263-268). If these exchange systems are derived from 
a single network originally located in the Mount Hagen area as Feil 
suggests (1987:266), the observation of genetic heterogeneity in a 
number of monogenic systems both between and within these groups 
cannot be simply a function of social isolation, particularly in the 
light of Feil's (1987:265) observation about the tee that "marriage is 
the most important way of bringing people into [its] ambit".
It is clear that the development of extensive exchange networks 
has not been enough to significantly alter the effects of random 
genetic drift in these populations. Indeed, in a single language 
group such as the Enga, incorporating hundreds of thousands of people 
all linked by the tee (Feil 1987:266), it may be possible to model the 
pattern and degree of genetic diversity previously commented on by 
Macintosh et al. (1958) as conforming to the notion of 'centre and 
edge' (Thorne 1980; Thorne and Wolpoff 1981), where gene flow through 
the centre of the populations linked by the tee may not be enough to 
overcome the action of genetic drift in those populations at the
periphery of the network.
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7.2.2 East versus West
A second aspect of the results of Chapter Five deserving closer 
examination is the relative craniometric distinctiveness of the 
eastern region, Mariko, from the three regions further west. It is 
worth recalling, however, that while Mariko may be differentiated on 
the basis of its greater subnasal prognathism and greater frontal 
curvature, it is in many respects not significantly different from 
Chimbu Gorge, its nearest neighbour. The separation of Mariko is 
probably due to a greater degree of homogeneity between the central 
and western regions rather than the result of absolute morphological 
differences. This indication of a cline in the level of genetic 
homogeneity within the Central Highlands Division, most visible when 
populations from the west are compared against the eastern margin, 
could be related to increased levels of gene flow within the western 
regions of the Division, resulting from the greater development and 
extent of exchange networks there. On the other hand, the eastern 
populations of the Central Highlands Division might have experienced a 
greater degree of biological contact with non-Highlands groups.
The results of some of the blood group and serum protein 
investigations reviewed in Chapter Two support this latter alternative 
(eg. Semple et al. 1956). Booth's analysis (1974:260-261) of blood 
group gene frequencies for the Central Highlands is particularly 
interesting. His samples derive from a range of populations that are 
linguistically classified as West Central Enga; Central Jimi and 
Chimbu; East Central Siane, Fore, Kamano/Yagaria/Keiagana and 
Gahuku/Asaro/Bena Bena; and Eastern Agarabi, Tairora and Auyana. 
While the samples from all four language families (West Central, 
Central, East Central and Eastern) are genetically well separated, the
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earliest split in his cluster analysis separates the Eastern family 
language groups from the rest.
The primary separation of the Eastern Highlands from the 
populations in the central and western parts of the Division indicated 
by Booth's investigation is supported by the craniometric results of 
the present study. Of particular importance is the variable location 
of Siane (the language attributed to the Mariko regional sample; see 
Table 5) within the two clustering procedures used by Booth 
(1974:261), the two apparently being of almost equal likelihood. In 
one, Siane clusters with the East Central family, to which it belongs. 
In the other, Siane clusters with the Central family, containing 
Booth's Chimbu population. The variable association of Siane with 
either Central or East Central linguistic populations on the basis of 
blood group gene frequencies accords well with the observation of 
Mariko's relative differentiation based on the craniometric results.
Another example of genetic exchange between populations of the 
Eastern Highlands and non-Highlands groups is the investigation 
conducted by Sorenson and Kenmore (1974) . They noted that the 
Agarabi, a population within the Eastern family of the Trans New 
Guinea Phylum, have a demonstrated genetic affinity with at least two 
non-Highlands groups, the Anga and the Pawaia, in contrast to the 
genetic divergence of the Agarabi from their immediate neighbours in 
the Eastern Highlands.
While the biological evidence for gene flow between populations 
from the Eastern Highlands and other, non-Highlands areas is not 
great, there is definite ethnographic and archaeological evidence that 
strongly suggests such contact to have occurred in the past. I am 
grateful to my fellow-student Chris Ballard for the following
observations on Eastern Highlands prehistory.
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The Agarabi, cited above as being genetically distinct from 
neighbouring populations although they fall within the same language 
group, are the only pottery producers in the Central Highlands. 
Pottery bearing a range of Agarabi designs has also been found in a 
number of archaeological sites located both within present-day Agarabi 
territory and on the floor of the Markham Valley. Furthermore, 
Agarabi designs are also found on pottery currently produced by 
Markham Valley populations speaking Austronesian languages. This, in 
combination with oral traditions which suggest that the Agarabi are 
originally derived from the Markham Valley, has been interpreted by 
Ballard as indicating that the Agarabi are a refugee population of 
Austronesian-speakers from the Markham Valley who were forced to 
migrate into the Eastern Highlands within the last 300 years.
The second point that Ballard makes in connection with the 
influence of non-Highlands groups upon the populations of the Central 
Highlands is related to the production of tapa. In the southwest 
Pacific tapa manufacture is a distinctive Austronesian cultural trait, 
widespread throughout the Markham Valley and other coastal-lowland 
regions. However, tapa is also produced by some contemporary 
populations in the Central Highlands. Furthermore, archaeological 
manifestations of tapa production, in the form of surface finds of 
stone tapa beaters and tapa designs in rock art, attest to the fact 
that tapa production was practiced in the Central Highlands in 
prehistory. However, all evidence of tapa production, both 
ethnographic and archaeological, is eastern, cutting out at the border 
between Simbu Province and the Western Highlands Province.
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7.3 Craniometric Variation in Papua New Guinea Overall
The discussion will now focus on a consideration of the pattern of 
craniometric variation throughout mainland Papua New Guinea as a 
whole. Firstly, I will deal with the possibility that there is an 
environmental component within the pattern of craniometric variation 
described in Chapter Six. Secondly, having identified and removed any 
such environmental components as may exist, I shall look at the 
resulting pattern of craniometric relationships which may be 
interpreted as being more truly indicative of past phylogenetic 
relationships.
7.3.1 Environmental Considerations
The fact that the human skeleton displays great plasticity in its 
response to a vast array of 'environmental' pressures is now well 
documented. Humans, as much as any other polytypic species spread 
over a wide range of environments, conform to the zoological 
generalisations of Allen (1877) and Bergmann (1847) with regard to the 
relationship between body size and proportion and the prevailing 
environmental conditions (Roberts 1978:29-35). Hiernaux (1963) has 
noted the significant effect of differing environments upon 
anthropometric variation in Rwandan populations that are genetically, 
culturally and historically homogeneous. Studies such as that of R. 
Newman (1975) and Briggs (1975) on heat adaptation, Steegman (1975) on 
cold adaptation, Mazess (1975) on high-altitude adaptation and M. 
Newman (1975) on nutritional adaptation all attest to strong 
environmental influences on the phenotypic expression of morphology.
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Immediate responses of the human body to environmental extremes 
are largely physiological in nature (eg. high-altitude adaptations 
that cope with hypoxia; Mazess 1975). Morphological adaptations will 
only arise in the short term as a result of either secondary responses 
to physiological imbalances, for example, growth retardation as a 
result of nutritional inadequacy, or in the long term as a primary 
response to direct environmental stimuli, for example, somatotypic 
differences following Bergmann's and Allen's rules for populations 
living at extreme latitudes. With regard to environmental effects on 
cranial morphology, Crognier (1981) has pointed out that physiological 
mechanisms seem rather limited in the head compared with other parts 
of the body, particularly in response to thermoregulation. In his 
opinion (Crognier 1981 :106), " [t]he only way to adaptation is 
consequently left to morphological variations". Thus, the attribution 
of variation in certain craniometric features to environmental 
pressures is not uncommon (Coon, Garn and Birdsell 1950; Wolpoff 1968; 
Beals 1972; Roberts 197 8 :75-78; Carey and Steegman 1981) .
The demonstration of potentially significant environmental effects 
upon the phenotypic expression of craniometric traits has obvious and 
serious implications for the reconstruction of phylogenetic histories 
based on such traits. In their re-evaluation of Howells' (1973a) 
investigation of craniometric variation throughout 17 recent human 
populations, Guglielmino-Matessi et al. (1979) demonstrated that 
several climatic indicators are highly correlated with Howells' data. 
Removing the effects of climate via linear regression resolved a major 
discrepancy between phylogenetic reconstructions based on the raw 
craniometric data and gene frequencies.
It can be argued that although environmental differences may exist 
between the populations sampled in the present study, they will not be
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nearly as extreme in their effect as the examples cited in some of the 
references above, based as the latter mostly are upon the comparison 
of populations at a global scale. However, heeding the results of 
Hiernaux's investigation (1963) which identified significant 
environmental effects on the anthropometry of closely related groups, 
we should attempt to identify whether or not such environmental 
differences as exist in Papua New Guinea have contributed to a 
determination of the craniometric patterns identified in Chapter Six.
For the purposes of this investigation, I use altitude as a simple 
index of environmental variation. While it would be advantageous to 
incorporate a wide range of more specific environmental variables such 
as temperature, rainfall, humidity and levels of nutrition, these data 
are not readily available for many of the regions incorporated in the 
present study. On the other hand, altitude is easily obtained and has 
been recorded for each of the ossuaries examined in the field (see 
Appendix Two).
The following observations on climatic variation with altitude are 
derived from McAlpine et al. (1983:64, 92, 107) . There is a generally 
regular rate of decline in temperature with altitude above 500m. 
However, there is little relationship between mean average rainfall 
and altitude, except that the range of values in coastal and lowland 
regions is greater than in the Highlands. Mean monthly 0900hr and 
1500hr relative humidity values are uniform between 200m and 2000m, 
although diurnal variation in relative humidity is greater in the 
Highlands.
Nutritional studies have indicated a wide range of dietary 
situations in Papua New Guinea, from those considered to be quite 
inadequate (in terms of both calories and protein) to those which are 
satisfactory and well balanced (Powell 1977) . New Guinean average
354
values for calorie and protein intake range from 1880 calories and 10- 
30g protein/day for Highlanders to 1470 calories and 10-40g 
protein/day for lowland people (Oomen 1971:1). Crop staples also vary 
geographically, from sago in coastal and lowland swampy areas to yams, 
bananas and cassava in lowland grasslands and savanna, taro and sweet 
potato in lowland rainforest and sweet potato (exclusively) in the 
Highlands (Powell 1977:13-15). Significant variability in the 
nutritional regime correlated with altitude may exist, especially 
perhaps with regard to protein, although this is a generalisation 
needing much more analytical inspection before it can be firmly 
proposed.
These observations on climate and nutrition suggest, however, that 
altitude may be used as a general index of environmental variation in 
Papua New Guinea. Accordingly, the present investigation of possible 
environmental effects upon craniometric variation uses altitude as the 
single index variable. Pearson's r was calculated for the correlation 
between altitude and each of the chord, angle and index variables 
(Table 79), using as a single sample all those regions with valid 
altitude observations. This excludes the four museum-based regional 
samples (Astrolabe Bay, Upper Sepik River, Goaribari Island and Purari 
River Delta).
If we consider the chord variables alone, 18 of the total of 35, or 
just over 50%, are significantly correlated with altitude at p < .01, 
although the values of the correlation coefficients are low. Ten 
(55%) of these significantly correlated variables relate to either 
vault or facial breadth, yet cranial breadth measurements account for 
only 13 (37%) of the total number of chords. The proportion of the 
total number of bilateral (breadth) variables significantly correlated
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Table 79. Correlation between altitude and all chord, angle and index 
variables. R is calculated using a single sample merging all 
regions with valid altitude observations, and using pairwise 
deletion of missing cases
n r
Glabella-opisthocranion 300 .2343**
Maximum bi-parietal br. 300 .2739**
Bi-auriculare 299 .3263**
Basion-bregma 293 -.1831**
Maximum supraorbital br. 296 .1496*
Minimum postorbital br. 300 -.1192
Nasion-bregma 300 .1028
Metopion height 299 .0170
Nasion-metopion 299 .2440**
Glabella prominence 300 .1846**
Lambda-bregma 301 -.1117
Parietal subtense ht. 301 -.1797**
Bregma-parietal subtense 301 -.0708
Mastoid length 291 -.1492*
Lambda-asterion 298 .1580*
Lambda-inion 299 .0918
Basion-lambda 291 .0763
Auriculare-basion 292 .1937**
Foramen magnum length 286 .1113
Foramen magnum breadth 287 -.1435*
Nasion-prosthion 259 .1467*
Bi-zygion 226 .2408**
Nasion-nasospinale 297 .0193
Nasal breadth 296 -.1762*
Cheek height 301 .0875
Orbital height 301 -.0216
Orbital breadth 299 .2118**
Bi-maxillofrontale 300 .3003**
Nasofrontal articulation 295 .1024
Alveolar length 280 .1320
Alveolar breadth 267 -.0244
Basion-nasion 293 .0024
Basion-nasospinale 289 -.0602
Basion-prosthion 254 .1077
Nasospinale-prosthion 258 .2841**
Prosthion angle 254 -.1751*
Nasospinale angle 289 .0686
Subnasal angle 252 -.2203**
Cranial module 292 .1804**
Cranial index 299 .0652
Frontal curvature index 299 -.0350
Parietal curvature index 301 -.1604**
Upper facial index 200 -.0179
Orbital index 299 -.1569*
Nasal index 293 -.1665*
Maxillo-alveolar index 264 -.1562*
Gnathic index 254 .1417
Total number of available cases: 301.
★ p < .01 ★ ★ p < .001
with altitude is 77%, whereas for the sagittal (length and height) 
variables the proportion is only 30%.
If we accept that altitude is related to environmental 
differences, these figures could be interpreted as indicating a 
substantial degree of correlation between craniometric and 
environmental variation, although the craniometric response is in the 
main limited to measures of vault and facial breadth. We may
particularly note that glabella-opisthocranion length, maximum bi­
parietal breadth and basion-bregma height all show highly significant 
levels of correlation with altitude, reflected by the significant, 
positive value for the cranial module. Following Bergmann's rule, 
which states that body size usually increases with decreasing mean 
temperature, a regular increase in the cranial module could reflect 
increasing vault size as a response to decreasing mean temperatures.
A negative correlation between temperature and altitude in Papua New 
Guinea has already been noted.
As indicated above, although variation in over half of the chord 
variables is significantly correlated with altitude, the actual values 
of the coefficients are slight. This shows that any environmental 
contribution to the determination of craniometric variation is acting 
only upon variables of low heritability, an observation supported by a 
lack of correlation between the cranial index and altitude. The 
cephalic index has been identified by Osborne and De George (1959) as 
having a high component of heritability, and although Beals (1972) has 
noted a trend of increasing brachycephalisation with decreasing 
temperature, there appears to be no relationship in the present 
context between the cranial index and environmental conditions
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generally. A similar observation has been reported by Hiernaux
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(1963), attesting to the high heritability and lack of ecosensitivity 
for this variable.
An alternative method of examining the possible contribution of 
environment to the pattern of craniometric variation is to examine the 
degree of correlation between altitude and the discriminant functions 
derived from a discriminant analysis. The following analysis is 
derived from techniques described by Guglielmino-Matessi et al. 
(1979:558-559).
Table 80 lists the group centroid discriminant scores on functions 
I, 2 and 3 for those regions with altitude observations. Regional 
altitudes have been calculated as the mean of the observations 
recorded for each of the ossuaries comprising a region (Table 4 and 
Appendix 2) . The centroid scores are those derived from the All- 
Divisions discriminant analysis using raw data, described in Section 
6.4.2 of Chapter Six. The results of the raw data analysis have been 
used rather then the standardised analysis for, as was noted in 
Chapter Six, size and shape are of equal importance as contributors to 
the total morphological pattern.
Also listed in Table 80 is the value of Pearson's r for the degree 
of correlation between each of the three functions and altitude. 
Function 3 is the only one significantly so correlated and, at p < 
.01, may be considered to be the only function describing a pattern of 
craniometric variation that is correlated with general environmental 
effects, albeit weakly so. Function 3 contributes only 13% to the 
total variance described by the analysis (Table 73) and is of 
relatively minor importance in determining the overall pattern of
variation.
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Table 80. Correlation between altitude and group centroid discriminant 
scores for functions 1, 2 and 3, computed for regions with
valid altitude observations. Group centroid discriminant 
scores are derived from the All-Divisions discriminant analysis 
using raw data
Centroid Scores
Region Function 1 Function 2 Function 3 Altitude
Buang Mountains .36269 -.72879 .42472 1587
Upper Markham Valley .51493 2.30978 -.44734 387
Finschhafen Coast -.25115 -1.02604 -1.70721 52
Wutung -.52612 .72220 -1.78242 5
Mariko -2.30475 -.90194 .47016 1400
Chimbu Gorge -2.02922 .61652 .12134 2087
Nebilyer-Kaugel Valleys -1.05311 -.29640 1.91796 2067
Erave -.34972 -.04022 -.65126 1120
Menyamya -1.72176 -.23901 .14862 1920
Telefolip-Oksapmin -3.58052 -1.33935 -.03280 1600
Lake Kutubu 1.59352 .31071 .85497 840
Kikori River 1.62604 -.43951 .21582 40
Correlation
with altitude (r) : -.6050 -.2455 .6610*
p < .01
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Figure 40 is the dendrogram which results from a cluster analysis 
of the group centroid discriminant scores derived from the All- 
Divisions analysis using only the first and second functions.
Comparison of the dendrograms in Figures 31 and 40 illustrates the 
pattern of regional relationships before and after removal of the 
environmental component of variation respectively. The construction 
of the two dendrograms is almost identical with respect to the major 
clusters they define: the Central Highlands and Highlands Fringe 
regional samples cluster together as a relatively homogeneous group, 
distinguished from both the North and South Coast-Lowland regional 
samples. These latter Divisions are also well differentiated on 
geographical lines. The locations of both Erave and the Upper Sepik 
River are consistent in their anomalous relationships with regions far 
removed from their home Divisions.
The difference between the two sets of results is in the relative 
locations of the Buang Mountains and the Upper Markham Valley. Before 
removal of the environmental component (Figure 31) , both of these 
regions were grouped with an essentially South Coast cluster 
containing the Kikori River, the Purari River Delta and Lake Kutubu. 
However, removal of the environmental component has resulted in a 
shift of the Buang Mountains to a position of equal status within a 
regional cluster containing Astrolabe Bay and the Finschhafen Coast, 
all three regions forming the eastern portion of the North Coast- 
Lowland Division. The Upper Markham Valley, on the other hand, has 
now been relocated to a position that places it as a region distinct 
from all others in the general coastal-lowland cluster.
Summarising the results of this investigation, the possibility of 
an environmental component in the pattern of craniometric variation 
related to altitude was raised in the concluding paragraph of Section
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Figure 40. All-Divisions regional relationships based on a cluster 
analysis of 15 group centroid discriminant scores for functions 
1 and 2 only using raw data
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6.4.4. In that analysis, which examined the effects of standardising 
the data on the pattern of craniometric relationships, the observation 
was made that when a shape component influenced by vault breadth alone 
is considered as the primary morphological discriminator, all but one 
of the high-altitude regions cluster together as a distinct 
subdivision. Thus, the Buang Mountains were grouped within a cluster 
containing Central Highlands and Highlands Fringe regions. The 
analysis described above verifies the fact that chord variables 
describing vault and facial breadth are indeed significantly 
correlated with altitude. When the component of morphological 
variation correlated with altitude is removed, the pattern of group 
relationships which emerges relocates the Buang Mountains within its 
own Division but moves the Upper Markham Valley to a position far 
removed from all other regions within both the North and South Coast- 
Lowland Divisions.
7.3.2 Historical Implications of Craniometric Relationships
Extraction of the environmental component means that the pattern 
of regional relationships described by Figure 40 is a more accurate 
phylogenetic reconstruction of group relationships. On this basis, 
the following is offered as a comment on the historical implications 
of that pattern.
Three of the four Central Highland regions (Mariko, Chimbu Gorge 
and Nebilyer-Kaugel) fall into a single cluster. The craniometric 
homogeneity of these regions has already been discussed. The position 
of Erave in relation to these regions is anomalous, falling as it does 
within a North Coast-Lowland cluster, and it is difficult to draw any 
valid conclusion on the basis of this particular association.
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A close phylogenetic relationship between Menyamya and the Central 
Highlands is indicated by the inclusion of the former within the 
Central Highlands cluster. Blood group investigations for Angan 
populations near Menyamya suggest that little appreciable admixture 
has occurred between these people and either Highlands or coastal- 
lowland groups (Craggs et al. 1958), although the Kamea Anga, a 
southern population within the general Angan range, appear to have 
been the recipients of some degree of gene flow from the south coast 
(Blake et al. 1981). Dermatoglyphic evidence (Froelich and Giles 
1981a) places the Anga as intermediate between neighbouring 
Austronesian and non-Austronesian speaking groups. Culturally, Feil 
(1987:176-177) includes the Anga within a suite of groups over a broad 
area of southwest Papua New Guinea into Irian Jaya characterised by 
ritualised homosexuality, and notes that the Anga trace their past to 
the southwest. The craniometric results of the present study 
indicate, however, that the Anga, certainly the populations from near 
Menyamya if not the entire linguistic and cultural group, are derived 
from the same ancestral population as the contemporary populations of 
the Central Highlands.
The other region included within the Central Highlands cluster is 
Telefolip-Oksapmin. The Ok peoples have been differentiated from both 
the Highlands and the south coast on the basis of blood group genetics 
(Rieckmann et al. 1961; Rhoads 1983), and Feil (1987 :7) comments that 
their adaptation and cultural emphases are unrelated to the Highlands. 
However, as with Menyamya, their inclusion within a general Highlands 
cluster on the basis of craniometric similarities indicates that they 
are also biologically derived from an ancestral population in common
with Highlands populations further east.
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Indications of an original population unity, in biological terms, 
for the populations of the Central Highlands, the Anga and the 
Mountain Ok are strengthened by the primary separation of these 
regions from the rest of the mainland groups included in the present 
study. Certainly, Telefolip-Oksapmin is somewhat distant in its 
degree of relationship from the other regions within the cluster 
defined, its relative biological distance from these groups being 
similar to that which separates a north coast from a south coast 
cluster as indicated in Figure 40. However, its distance from the 
other Highlands regions is less than half the total distance 
differentiating the Highlands cluster from the north and south coast 
clusters. This reinforces the view that the Ok, the Anga and the 
populations of the Central Highlands are all descended from a common 
ancestral population, but that groups in the west diverged from the 
central and eastern groups at some distant point in prehistory, 
certainly well before the divergence of the Anga from the Central 
Highlands.
The next major branch of the dendrogram in Figure 40 separates the 
Upper Markham Valley from all other coastal-lowland regions. This is 
not unexpected, as the language spoken in the area today is Adzera, 
one of the Huon Gulf family of languages within the North New Guinea 
linguistic cluster, which is itself part of the Western Melanesian 
Oceanic group of Austronesian languages (Ross 1988:25, 133) . All of 
the other regions within the present study, with the exception of the 
Buang Mountains, are Papuan (or non-Austronesian) speakers and mostly 
members of the Trans New Guinea Phylum (Table 5) , a set of languages 
completely unrelated to Austronesian (Foley 1986:3). It is therefore 
not surprising that the Upper Markham Valley is biologically well
differentiated from the other samples comprising the North and South
Coast-Lowland Divisions, to which a different linguistic affiliation 
may be attributed.
What is surprising, however, is the separation of the Upper 
Markham Valley from the Buang Mountains, also an Austronesian region. 
Contemporary populations in the Buang Mountains from which the 
craniometric sample is derived are Mapos speakers, one of the Buang 
chain of languages grouped within the South Huon Gulf Chain of the 
Huon Gulf Family (Ross 1988:132-134) . The Buang Mountains therefore 
belong to the same Austronesian language family as the Upper Markham 
Valley and one might expect on linguistic grounds that the samples 
from these two regions would cluster together in direct contrast to 
other coastal-lowland regions. This is obviously not the case.
Extracting the environmental component of craniometric variation 
places the Buang Mountains well within a cluster containing three 
other North Coast-Lowland regions (Astrolabe Bay, the Finschhafen 
Coast and Wutung) . Furthermore, the Buang Mountains achieve a level 
of clustering equivalent to both Astrolabe Bay and the Finschhafen 
Coast, these latter two regions both speaking languages within the 
Trans New Guinea Phylum (Table 5) . All three regions are well 
differentiated from the Upper Markham Valley. On the basis of this 
evidence, it might be proposed that the contemporary populations of 
the Buang Mountains are genetically non-Austronesian people who have
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adopted an Austronesian language some time in the past.
Unfortunately, alternative sources of biological evidence are not
available to confirm this proposition. However, I refer to the
cpenb-comm.)previous section on the Central Highlands which cited Ballard's view 
that the Agarabi are an Austronesian group who adopted a non- 
Austronesian language. Clearly, there is evidence to suggest that
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languages can be abandoned and adopted with an amazing degree of 
completeness and rapidity.
The question of biological validation of the Austronesian/non- 
Austronesian linguistic dichotomy has been briefly reviewed in Chapter 
Two. There is still no consensus as to the degree of correlation 
between biology and language at this level. On the one hand, there 
are the results from blood genetic (Rhoads 1983) and mitochondrial DNA 
(Stoneking and Wilson 1989) surveys which find little evidence to 
support a distinct and regular biological separation between 
Austronesian and non-Austronesian language speakers. On the other 
hand, the results of HLA (Serjeantson 1989:161) and dermatoglyphic 
(Froelich and Giles 1981a; Froelich 1987) investigations have been 
interpreted as indicating a degree of correlation in the patterns of 
group relationships throughout Melanesia derived from linguistic and 
genetic data at the Austronesian/non-Austronesian level.
The craniometric data which have been the subject of the present 
study are not sufficient to contribute to the Austronesian/non- 
Austronesian debate. Contemporary Austronesian-speaking peoples are 
represented by only two cranial samples, and it would be preferable to 
have at least three or more before definite conclusions concerning the 
degree of correlation between language and biology are attempted.
With regard to further regional differentiation in Papua New 
Guinea based on the craniometric results (Figure 40) , the remaining 
regions cluster according to their relative geographic proximity, with 
the exception of the anomalous positions of Erave and the Upper Sepik 
River. The North and South Coast-Lowland Divisions are clearly 
differentiated. Although Wutung is derived from an area within the 
Sko linguistic phylum of Papuan languages (Table 5) , it clusters 
neatly with regions from the North Coast-Lowland Division
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characterised by languages of the Trans New Guinea Phylum. The 
location of Lake Kutubu within the cluster containing the Kikori River 
and the Purari River Delta confirms blood genetic evidence (Russell et 
al. 1971; Booth and Hornabrook 1972) indicating that the Foi, the 
people inhabiting the Lake Kutubu region, are initially derived from
the south Papuan coast.
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CHAPTER 8 
CONCLUSION
The purpose of the present study, as outlined in Chapter One, was 
two-fold: to investigate the possibility of obtaining useful 
observations on cranial variation from a range of geographic locations 
within mainland Papua New Guinea, and to assess the data so obtained 
for the information they may bring to bear on the operation of 
biological and cultural processes through time. The nature of the 
questions asked concerning biological and culture-historical processes 
are not new; the subject matter of the investigation certainly is.
One of the major conclusions to be drawn from the present study is 
that crania dating to the recent prehistoric past within Papua New 
Guinea are readily available for examination in the field, given time 
and a lot of legwork. Furthermore, population samples recorded in 
such a fashion permit the successful examination of biological and 
culture-historical processes without the problems associated with the 
use of many museum collections. With control over the method of data 
collection, we can be confident that the application of interpretative 
models based on genetic and evolutionary theory is appropriate, for we 
have at last some real level of understanding of the historical 
circumstances which resulted in the formation of our samples.
Turning to the specific results of the metric analyses, the 
following conclusions are offered by way of summary, with proposals
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for future research. As is often the case, the study has generated 
far more questions than answers.
1. The results generally confirm the observation that Papua New 
Guinea is biologically heterogeneous. This is to be expected, given 
an occupation history that spans at least 40,000 years (Groube et al. 
1986).
2. The human populations of the Central Highlands have been 
biologically isolated from populations of the north and south coastal- 
lowland areas for an extended period of time. Such long-term 
isolation may be explained in terms of the 'population sink' model 
elaborated by Stanhope (1970:39), who suggests that
there may be a process of slow population expansion in 
Highland areas with a spill-over toward the lowlands. On the 
steep slopes, food production is limited and epidemic malaria 
is encountered resulting in population decline. It is 
possible that a Highland model before contact would have 
consisted of an ever-expanding centre spilling over into an 
ever-dying periphery...
Present evidence is not sufficient to allow us to estimate just 
how long the period of isolation has been. The earliest date for the 
human settlement of the Central Highlands based on archaeological 
evidence is currently placed at around 25,000 to 26,000 B.P. (White, 
Crook and Ruxton 1970; Gillieson and Mountain 1981). Evidence for 
indirect contact between the coast and the Highlands in the form of 
marine shell in the Central Highlands (Hughes 1977:188-204) is as 
early as 10,000 B.P. (White and O'Connell 1982:189). The issue will
only be truly resolved by the discovery and comparison of human fossil
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remains from the Central Highlands with the data base assembled and 
presented here.
3. Environmental contributions to the pattern of craniometric 
variation are undeniable and, in the present case, have been 
identified as operating to some extent. This is particularly apparent 
when the variable location of the Buang Mountains in many of the 
discriminant and cluster analyses is considered. In the analysis of 
regional variation within the North Coast-Lowland Division (Section 
6.2.1), the Buang Mountains were identified as the most divergent. 
This divergence was also evident in the analysis of regional variation 
within the combined non-Highlands Divisions (Section 6.3), where the 
Buang Mountains clustered with regions from the South Coast-Lowland 
Division and were well separated from all other regions in the North 
Coast-Lowland Division. The possibility of an altitudinally related 
component of environmental variation in the morphological pattern was 
identified in the All-Divisions analysis using standardised data 
(Section 6.4.3), when the Buang Mountains were seen to cluster within 
a regional grouping consisting solely of high-altitude samples. 
Identification and extraction of this environmental component (Section 
7.3) revealed an underlying morphological pattern for the Buang 
Mountains almost identical to that described for the Finschhafen Coast 
and Astrolabe Bay, all three regions being located in the eastern part 
of the North Coast-Lowland Division.
Altitude is the only environmental measure I have used in this 
study. Future work might include the collection of data relating to 
climatic and nutritional variation, and perhaps even differential 
disease patterns. It would also be useful to conduct a partial 
multiple regression which would remove such significant environmental
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differences as may be identified. The residual component of variation 
could then be subjected to a series of discriminant or principal 
components analyses along the lines conducted in the present study.
4. Size and shape have been identified as equally important 
components in determining the pattern of morphological variation in 
the Papua New Guinea populations sampled by the present study. The
Merged Regions analysis of Section 6.5 demonstrated that the primary 
differentiation of the Central Highlands from the North and South 
Coasts is due to a combination of features relating to greater vault 
and facial size and greater degree of subnasal prognathism. The South 
Coast is specifically differentiated from both the Central Highlands 
and the North Coast by virtue of shape-related features of the vault 
and facial skeleton, including a long, low and narrow vault, a greater 
degree of frontal and parietal vault curvature, and greater nasal 
prognathism. The North Coast is intermediate to both the Central 
Highlands and the South Coast for a variety of size- and shape-related 
vault and facial features.
5. The Central Highlands are essentially homogeneous with respect 
to craniometric variation. This is in contrast to the heterogeneous 
pattern of regional relationships established on the basis of 
polymorphic, monogenic variation in blood group and serum protein gene 
frequencies. Craniometric variation is representative of a stable 
genetic pattern, relatively immune to short-term microevolutionary 
effects. The homogeneity of the four Central Highlands regions 
therefore implies a common ancestry of great time depth. However, an
underlying pattern of minor internal regional distinctions within the
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Division, which separates Mariko in the east from the samples further 
west, indicates that the Eastern Highlands have quite possibly been 
the recipients of a limited degree of gene flow from non-Highlands 
populations. Also of potential (but unlikely) influence in this 
regard is the pattern of complex exchange networks in the western 
Central Highlands discussed in Chapter Seven, which may to some extent 
promote a greater degree of gene flow between participating 
populations and which exclude the Eastern Highlands.
The extreme degree of genetic diversity within the Central 
Highlands Division indicated by the blood group and serum protein 
polymorphism data is likely to be the result of their more rapid 
response to microevolutionary mechanisms such as genetic drift. In 
small populations which place social restrictions upon the 
availability of spouses, such mechanisms will be particularly 
intensive in their effect. The development of complex exchange 
systems in tandeft. with increasing agricultural intensification has not 
been enough to seriously alter the evolutionary balance favouring 
genetic drift over gene flow as the primary evolutionary factor.
6. The potential for a cultural component in the pattern of 
craniometric relationships in the Papuan Gulf has been raised. One
way of resolving the issue of whether or not the Goaribari Island 
collection contains artificially deformed crania would be to compute 
genetic distances based upon metric and non-metric data, the latter 
presumably unaffected by deformation, and to compare the results. If 
the non-metric analysis indicated genetic similarity of the Goaribari 
to the Kikori River and Purari River Delta samples, then our question 
would be answered. If, on the other hand, the two data sets showed
equivalent degrees of divergence of the Goaribari Island sample, then
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an alternative explanation to artificial deformation would have to be 
sought.
The data here made available has allowed a more accurate 
description of the pattern of craniometric variation in Papua New 
Guinea than was previously possible. In particular, the study has put 
on record the first data on craniometric variation for populations of 
the Central Highlands and Highlands Fringe. This has allowed an 
assessment of the nature and degree of craniometric relationships both 
within the Central Highlands and between the Central Highlands and 
other, non-Highlands populations.
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APPENDIX 1
VARIABLE DEFINITIONS
1. Metrie
The following descriptions define the location of the anatomical 
points used in the variable list, as well as presenting the formulae 
for the modules, indices and angles used in the text. Anatomical 
points that do not correspond exactly with any literature definitions 
are not referenced; the definition in this case is my own.
Alveolar breadth: bi-ectomolare (Larnach and Macintosh 1966:73).
Alveolar length: distance from alveolon to prosthion (Larnach and
Macintosh 1966:73).
Alveolon: the middle of a transverse line connecting the posterior
extremities of the maxillary alveolar border (Martin and Sailer 
1957:451).
Asterion: junction of the temporoparietal with the lambdoid suture 
(Martin and Sailer 1957:447).
Auriculare: the most lateral point on the root of the zygoma 
vertically above the centre of the auditory meatus (Martin and 
Sailer 1957:447) .
Basioccipital breadth: the minimum breadth across the basioccipital at 
the spheno-occipital synchondrosis.
Basion: the lowest median point on the anterior border of the foramen 
magnum (Martin and Sailer 1957:444).
Bregma: the posterior border of the frontal bone in the midplane,
normally at the junction of the coronal and sagittal sutures 
(Howells 1973a:167).
Cheek height: the minimum distance, in any direction, from the lower
border of the orbit to the lower margin of the maxilla, mesial 
to the masseter attachment (Howells 1973a:180).
Cranial index: maximum bi-parietal breadth x 100 divided by maximum
cranial length (glabella-opisthocranion) .
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Cranial module: cranial length (glabella-opisthocranion) + cranial 
breadth (maximum bi-parietal breadth) + cranial height (basion- 
bregma) divided by 3 (Bass 1971:64).
Dacryon: the apex of the lacrimal fossa, as it impinges on the frontal 
bone (Howells 1973a:167).
Ectoconchion: the point on the lateral margin of the orbit marking the 
greatest breadth (Krogman 1962:316).
Ectomolare: the most lateral point on the outer surface of the
alveolar ridge, opposite the centre of the second maxillary 
molar (Martin and Sailer 1957:451).
Foramen magnum breadth: the maximum bilateral breadth across the 
foramen magnum.
Foramen magnum length: the distance from basion to opisthion (Howells 
1973a:181).
Frontal curvature index: metopion height x 100 divided by nasion-
bregma (Larnach and Macintosh 1966:17).
Frontomalare: the most anterior point on the frontomalar suture
(Howells 1973a:168).
Glabella: in the Frankfurt horizontal plane glabella is the most
anterior midline point on the frontal bone (Martin and Sailer 
1957:442) .
Glabella prominence: the maximum projection of the midline profile
between nasion and supraglabellare (or the point at which the 
convex profile of the frontal bone changes to join the 
prominence of the glabellar region), measured as a subtense
(Howells 1973a:181).
Gnathic index: basion-prosthion x 100 divided by basion-nasion
(Krogman 1962:320).
Inion: the point where the superior nuchal lines meet in the midline 
(Brown 1982:25).
Lambda: the intersection of the sagittal and lambdoid sutures (Martin 
and Sailer 1957:444) .
Mastoid breadth: the maximum distance in a coronal plane and parallel 
to the Frankfurt line, from the uppermost part of the digastric 
fossa medially to the most lateral point on the mastoid process 
(Larnach and Freedman 1964:298).
Mastoid length: taken from a point on the Frankfurt line vertically
downwards toward the tip of the mastoid process (Larnach and 
Freedman 1964:298).
Mastoid width: the maximum distance in the sagittal plane and parallel 
to the Frankfurt line, from the uppermost point on the anterior 
margin (in practice, the lowest point at which the tympanic 
plate abuts the mastoid process) to the level of the most 
posterior point on the posterior surface (Larnach and Freedman 
1964:298).
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Mastoidale: the lowest point on the mastoid process (Martin and Sailer 
1957 : 448) .
Maxillo-alveolar index: alveolar breadth x 100 divided by alveolar
length.
Maxillofrontale: the point where the frontomaxillary suture crosses
the inner margin of the orbit (Martin and Sailer 1957 : 450) .
Maximum bi-parietal breadth: the maximum breadth across the parietal
bones.
Maximum cranial breadth: the maximum cranial breadth, perpendicular to 
the median sagittal plane (above the supramastoid crests) 
(Howells 1973a:172).
Maximum supraorbital breadth: the maximum diameter of the frontal bone 
across the supraorbital ridges. Where the ridges are strongly 
developed on the zygomatic trigones, the lateral points are 
located on the actual projection of these trigones. For some 
crania the most lateral point on the frontal bone may actually 
occur on the frontomalar suture (Larnach and Macintosh 
1970:12).
Metopion: the point in the median sagittal plane where frontal bone
elevation above the nasion-bregma chord is at a maximum (Martin 
and Sailer 1957:444).
Minimum cranial breadth: the breadth across the sphenoid at the base 
of the temporal fossa, at the infratemporal crests (Howells 
1973a:173).
Minimum postorbital breadth: the minimum postorbital breadth of the
frontal bone (Martin and Sailer 1957:449).
Nasal breadth: the maximum breadth of the nasal aperture between the
anterior surfaces of its lateral margins (Comas 1960:404).
Nasal index: nasal breadth x 100 divided by nasal height (nasion- 
nasospinale) (Bass 1971:69).
Nasion: the point at which the nasal and frontonasal sutures meet
(Martin and Sailer 1957:448).
Nasofrontal articulation: the maximum breadth of the nasofrontal
articulation across the nasofrontal suture.
Nasospinale: the point at which a line tangent to the lower margins of 
the nasal aperture is intersected by the midsagittal plane 
(Montagu 1960:48).
Nasospinale angle: the angle formed by the intersection of the chords 
nasion-nasospinale and basion-nasospinale.
Opisthion: the inferior edge of the posterior border of the foramen
magnum in the midline (Howells 1973a: 169) .
Opisthocranion: the most distant (posterior) point on the cranium from 
glabella in the midsagittal plane, excluding the external 
occipital protuberance (Comas 1960:404).
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Orbital breadth: the distance between ectoconchion and dacryon (Comas
1960 : 404) .
Orbital height: the maximum internal height of the orbit perpendicular 
to its breadth (Comas 1960:404).
Orbital index: orbital height x 100 divided by orbital breadth (Bass
1971 : 69) .
Parietal curvature index: parietal subtense height x 100 divided by
bregma-lambda (Larnach 1974:215).
Parietal subtense: the point where parietal bone elevation above the
bregma-lambda chord is at a maximum (Larnach 1974:25).
Prosthion: the most anteroinferior point on the maxilla between the
upper central incisors (Martin and Sailer 1957:449).
Prosthion angle: the angle formed by the intersection of the chords
nasion-prosthion and basion-prosthion.
Sphenobasion: the median sagittal point on the spheno-occipital
synchondrosis (Martin and Sailer 1957:446).
Stephanion: the point where the superior temporal line crosses the 
coronal suture (Martin and Sailer 1957:447).
Subnasal angle: the angle formed by the intersection of the chords
nasospinale-prosthion and basion-prosthion.
Upper facial index: nasion-prosthion x 100 divided by bi-zygion
(Montagu 1960:53).
Zygion: the most lateral point on the zygomatic arch (Martin and 
Sailer 1957:450).
Zygomaxillare: the lowest point externally on the zygomaxillary suture 
(Martin and Sailer 1957:450).
2. Non-metric
Apart from my own definition of the auditory exostosis, the 
following non-metric variable definitions are derived from Pardoe 
(1984) . At the end of each definition, the alternative states for
which each variable is recorded are presented.
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Accessory Palatine foramen: located posterior to the Greater Palatine
foramen.
Single/Multiple.
Asterionic bone: a wormian bone occurring at asterion, and touching 
all three of the parietal, occipital and temporal bones.
Absent/Present.
Auditory exostoses: small outgrowths of bone in the external auditory 
meatus.
Absent/Present.
Epipteric bone: a wormian bone occurring at pterion. Pterion is
defined as the smallest area encompassing the junction of the 
frontal, sphenoid, temporal and parietal bones. The associated 
accessory bone must touch at least the frontal or sphenoid 
bones to differentiate it from a squamo-parietal wormian.
Absent/Present.
Infraorbital foramen: located on the maxilla, inferior to the lower 
border of the orbit. The foramen is regarded as double if 
there are two separate foramina or if the single hole is 
divided at the entrance.
Single/Double.
Infraorbital suture: occurring on the maxillary bone and extending
from the inferior margin of the orbit into the infraorbital 
foramen.
Absent/Present.
Lacrimal foramen: occurring almost always on the orbital plate of the
frontal, near the lateral end of the superior orbital fissure. 
The lateral end of the fissure sometimes has an anomalous 
bridge or spur pinching off a foramen of up to 4mm. This is 
not included.
Absent/Present.
Lambdoid wormians: these occur on the lambdoid suture between left and 
right asterion, but not actually touching these points. 
Lambdoid wormians are to be distinguished from asterionic bones 
and inca bones (a wormian occurring at the juncture of the 
lambdoid and sagittal sutures).
Absent/Present.
Ovale-Spinosum confluence: the bridge dividing foramen Ovale and
foramen Spinosum is reduced to a spur or completely absent in 
some cases. When the latter is true, the size and shape of the 
foramen is used to determine if it would be interpreted as 
absence of foramen Spinosum.
Divided/Confluent.
Palatine bridging (medial): found along the horizontal part of the
palate, near the alveolus and between the second and third 
molars. When present, the bridge arches over one or more of 
the greater palatine nerves and vessels, beginning and ending 
on the horizontal floor of the palate.
Absent/Spur/Bridge.
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Palatine torus: extends along the intermaxillary suture as a low mound 
of variable width. The torus commences anterior to the 
palatine crest.
Absent/Present.
Post Condylar canal: Located immediately posterior to the occipital
condyle for the transmission of an emissary vein from the 
sigmoid sinus to the vertebral plexus of the spine.
Absent/Present.
Pterygo-Basal bridging: anterolateral to foramen Ovale runs a faint
groove which may be bridged by the pterygo-basal approximately 
5mm from the foramen.
Absent/Spur/Bridge.
Spheno-maxillary articulation excludes the zygoma: the border of the
inferior orbital fissure is composed of maxilla anteriorly, 
sphenoid posteriorly and often the zygoma at the lateral end. 
The trait is recorded as the frequency of spheno-maxillary 
contact, where the zygoma does not contribute to the edge of 
the fissure.
No/Yes.
Trochlear spur: found in the superomedial corner of the orbit near the 
anterior margin.
Absent/Present.
Vesalian foramen: located directly anteromedially to foramen Ovale and 
between the pterygoid plates, the Vesalian foramen is an 
inconsistent emissary foramen. It often occurs in a small
slit, although the latter can be seen with no hole being 
patent.
Absent/Present.
Zygo-facial foramen: located on the external surface of the lateral
portion of the zygomatic.
Single/Double.
3. Anatomical
The anatomical variables that are described below have been used 
by S.L. Larnach and N.W.G. Macintosh in a range of publications 
examining morphological variability within Australian Aboriginal 
populations from the eastern Australian coast, as well as for a single 
mixed sample of crania from Papua New Guinea (Larnach and Macintosh 
1966, 1970; Macintosh and Larnach 1973; Larnach 1978). They were
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originally included in the present study because they are the 
characters identified by Larnach and Macintosh as distinguishing 
Australian Aboriginal and Papua New Guinea populations.
Larnach and Macintosh do not provide specific definitions for many 
of the variables they have used, and in some cases it is difficult to 
be sure exactly what morphological features are being described by the 
variable names they apply. For the purposes of the present study, I 
have defined the variables I chose to record according to the criteria 
described below. In instances where Larnach and Macintosh have 
provided explicit definitions, these have been used and are quoted. 
In all other circumstances the definitions are my own, but I hope they 
conform to the techniques of diagnosis used by Larnach and Macintosh. 
The assessment of these characters is largely based on a determination 
of relative degrees of development and the assignation of grades or 
scores which reflect this. For most variables, these determinations 
are made with reference to casts of the characters concerned, these ' 
defining the upper and lower limits of the intermediate grade. I did 
not have access to these in the field and so I had to make my 
assessment on the basis of past experience with using them in 
Australia. Note that Larnach and Macintosh were not consistent in 
their use of grade scores, so that '0' or '2' are absent for some for 
variables.
The values assigned to indicate the various grades of development 
are all taken from Larnach (1978).
Anterior nasal spine: assessed in terms of Broca's standard scale
(Larnach and Macintosh 1966:22) .
Values: < Broca's grade 3 - 3; = Broca's grade 3 - 2 ;  > Broca's 
grade 3 - 1.
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External occipital protuberance: this occurs in the midline where the 
external occipital crest meets the superior nuchal line, or 
slightly above it. It generally marks inion and is more 
developed when there is no transverse occipital torus to hide 
it.
Values: absent - 3; trace - 1; distinct - 0.
Median frontal ridge: in its extreme form it passes up from a strong
glabella as a prominent rounded ridge on the frontal bone, 
obliterating the supraglabellar fossa (Fenner 1939:251).
Values: absent - 0; trace - 1; distinct - 3.
Parietal bossing: lateral eminences on the parietals which may occur
as pronounced elevations and which may or may not be associated 
with a well-filled parietal region in general (Larnach and 
Macintosh 1966:52).
Values: prominent - 1; medium - 2; slight - 3.
Phaenozygy: a condition where the curve of the zygomatic arches is
visible when the vault is viewed superiorly. The most lateral 
portions of the curve are almost always visible, so that the 
condition is usually taken to indicate instances where at least 
two-thirds of the curvature of the arch is visible.
Values: absent (cryptozygy) - 0; trace - 1; distinct - 3.
Rounded orbital border of the malar: the border is described as
rounded when the facial surface of the malar bone approaches 
the orbital margin and gradually curves inwards until it meets 
the orbital surface (Larnach and Macintosh 1966:35).
Values: absent - 0; trace - 1; distinct - 3.
Superciliary ridge: the size of the superciliary ridges is assessed
according to their degree of prominence as definite ridges and 
independently of the size of glabella. They may sometimes be 
seen as discrete ridges rising from the smooth lateral 
extensions of the glabella prominence (Larnach and Macintosh 
1966:13).
Values assigned: slight - 1; medium - 2; large - 3.
Supramastoid crest: the posterior part of the lower temporal ridge. 
Values: slight - 3; medium - 2; large - 1.
Transverse occipital torus: a thickening or outrolling of the nuchal
surface between the superior and supreme nuchal lines (Fenner 
1939:257).
Values: absent - 0; trace - 1; distinct - 3.
Vault keeling: a paramedian flattening either side of an elevated 
sagittal ridge, involving at least the parietals (Fenner 
1939:251).
Values: absent - 0; trace - 1; distinct - 3.
Zygomatic trigone: the area included between the margo supraorbitalis
and the anterior prominent part of the temporal ridge. It 
varies in development from a triangular depressed field to an 
extremely prominent bulbous projection (Larnach and Macintosh 
1966:14).
Values assigned: slight - 1; medium - 2; large - 3.
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APPENDIX 2
SITE DESCRIPTIONS OF OSSUARIES RECORDED IN THE FIELD
The following descriptions of the ossuaries visited during 
fieldwork in Papua New Guinea are based upon the design of the site 
record forms distributed by the Department of Prehistory, National 
Museum and Art Gallery of Papua New Guinea. The information is 
organised according to site code allocations, the first letter of each 
code referring to a specific Province. The codes for the Provinces in 
which ossuaries were recorded are:
K Morobe
L Southern Highlands 
M Western Highlands
N Eastern Highlands
O Gulf 
P Simbu
R West Sepik (Sandaun)
For each site entry are given the Papua New Guinea 1:100,000 
Topographic Survey map grid reference and the altitude of the site in 
meters above sea level as determined from the same map. No 
standardised orthography has been adhered to, and the spelling of 
traditional names and of local contacts is phonetic. References to 
published information and the names of previous visitors are provided. 
Site descriptions that do not record a previous visitor indicate that
I have recorded the site for the first time. All estimates of the
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total number of individuals represented at each site are based on the 
number of crania present, and are therefore conservative.
The plates on the following pages (Plates 5 to 7) illustrate some
of the ossuaries described in this appendix.
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Plate 5. Paveling'gne (site KAB)
Upper: Traditional rock art found at the site.
Lower: Closeup of the rock ledge from which most of the
crania from this site were recorded, illustrating the condition of the
site prior to my arrival

Plate 6
Upper: Niknekianka (site KJH)
Lower: Bebere (site LAA)

Plate 7
Upper: Amulbuamemekombulo (site PFE)
Lower: Ko'osamai (site LJC)
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Site KAB
Figure 1, Plate 5
1:100,000 map sheet: Nadzab, grid reference DN718326
Altitude: 1600m a.s.l.
Traditional Name: Paveling'gne.
Local contact: Sagaiyo Village.
Location: The site is located approximately 30 minutes walk south of 
Siyugai Village, overlooking the Gangwei River, in the Ranguai 
Valley, Buang Mountains. Nearest village, Siyugai, Buang Census 
Division (CD), Mumeng District, Morobe Province.
Description: The site consists of a single rock ledge 11m long and
situated 20m above the Gangwei River. The skeletal remains of 
at least 60 individuals, including adult males, females and 
juveniles, are contained in large holes and smaller niches in 
the limestone rock face above the ledge, and on the ledge 
itself. Some of the individuals are partially mummified and 
lie or sit in a flexed position. The majority of the 
individuals represented are disarticulated and have been 
indiscriminately piled. Approximately 40 crania and some 
scattered postcranial remains lie at the base of the ledge. 
Most skulls are bleached. Thirty-five crania were readily 
available and complete enough for examination. The limestone 
rockface is liberally covered in art incorporating a wide range 
of motifs. These paintings are said to have been executed in 
conjunction with the burials, although their interpretations 
are now unknown. The predominant colour is red.
State of Preservation: The skeletal remains appear to be in an 
excellent state of preservation. The ledge and rockface are 
sheltered from most wind and rain, although exposed to direct 
sunlight. The art is fading. This site is now a popular 
tourist attraction, with the local villagers charging a visitor 
fee. Visitors are always accompanied by a local, to ensure no 
interference with the remains.
Visited: 12.1.-14.1.1985
References: Vial 1936; Maahs 1951; Girard 1957; White and White 1964; 
Pretty 1966; Gallasch 1974.
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Site KAE
Figure 1
1:100,000 map sheet: Nadzab, grid reference DN733356
Altitude: 1400m a.s.l.
Traditional Name: Mamangage.
Local contact: Katu Mavag, Manase Savil and Siringwaga Bavak, Mapos 2 
Village.
Location: About 30 minutes walk from Mapos 2 Village, and 30m above a
creek bearing the same name as the site. Eight yam houses
stand directly over the site, at the top of the cliff. Nearest
village: Mapos 2, Buang CD, Mumeng District, Morobe Province.
Description: The site is identical in type to site KAB, situated on a 
heavily vegetated limestone rock ledge. It contains the 
skeletal remains of approximately 50 individuals, including 
adult males, females and juveniles. Many of the individuals 
are still fleshed, some looking completely intact and 
articulated as though recently deposited. All articulated 
individuals were found lying or sitting in a flexed position, 
knees brought up under the chin. Seven loose crania were
examined and recorded. No rock art is visible, but fragments 
of several engraved wooden drinking bowls were found. This
site and site KAB were indicated by the local people as being 
the major traditional burial sites for an area including the 
villages of Mapos 1, Mapos 2, Bulantim, Chimbulok and Pepekani.
State of Preservation: Cadavers and skeletal remains in excellent
condition. This site is not visited by tourists.
Visited: 24.1.1985
References: Pretty 1966.
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Site KAG
Figure 1
1:100,000 map sheet: Nadzab, grid reference DN706381
Altitude: 1760m a.s.l.
Traditional Name: ?
Local contact: Sinegai Village.
Location: Approximately 1km south of Sinegai Village along the Wagau
road, beside the Snake River. The site lies about 1 hours walk 
up the western slope beyond the forest to the upper limit of 
the grassland and looks directly across the Snake River Valley 
towards Mapos Village. Nearest village: Sinegai, Buang CD, 
Mumeng District, Morobe Province.
Description: A niche located on a small rock ledge containing the
remains of at least eight individuals. One individual is 
almost complete, partially flexed and articulated. Six crania 
were examined and recorded.
State of Preservation: This site is one of the few remaining 
traditional burial sites for the people of Sinegai Village. 
Most of the other burial sites had been recently destroyed when 
the surrounding grass slopes were fired so that new gardens 
could be dug.
Visited: 22.2.1985
References: Pretty 1966.
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Sita KAJ
Figure 2
1:100,000 map sheet: Kaiapit, grid reference DP094079
Altitude: 400m a.s.l.
Traditional Name: ?
Local contact: Arifiran Village.
Location: 2.2km south of Biring Village on the Biring-Onga road, along 
the western bank of the Markham River. The site lies 
approximately 50m up slope from the road, and is marked by 
several large rock outcrops. Nearest village: Biring (not as
marked on the map but at DP086104) , Onga CD, Kaiapit District, 
Morobe Province.
Description: A rocksheiter site containing the remains of
approximately 40 individuals including adult males, females and 
juveniles. All postcranial elements are represented. Eighteen 
crania were examined and recorded. The remains of a number of 
clay cooking pots are also present.
State of Preservation: The skeletal material and some pot sherds are 
scattered over the site. There is a possibility that some of 
the skeletal remains and pots have been removed.
Visited: 5-6.2.1985
Previous Visits: H. Holzknecht, 1970; M. Pietrusewsky, 1971.
References: Pietrusewsky 1973, 1983.
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Site KJE
Figure 3
1:100,000 map sheet: Ago, grid reference EP813052
Altitude: 20m a.s.l.
Traditional Name: Fitamana.
Local contact: Yao, Wandokai Village.
Location: Immediately below Wandokai Village on the edges of the
Holocene terrace, overlooking the Solomon Sea. Nearest
village: Wandokai, Dedua CD, Finschhafen District, Morobe 
Province.
Description: A small hole in the limestone terrace wall, containing
the cranial and postcranial remains of two adult males. Both 
crania were examined and recorded.
State of Preservation: Good.
Visited: 15.10.1985
Previous Visits: I. Lilley and S. Buna, 1983.
References: Lilley 1983.
410
Site KJG
Figure 3
1:100,000 map sheet: Ago, grid reference EP853044
Altitude: 2 0m a .s.1.
Traditional Name: Malatinana.
Local contact: Yao, Wandokai Village.
Location: The site is situated on the Holocene terrace approximately
half way between Hubegong and Wandokai Villages along the 
Finschhafen-Sialum road, directly overlooking the sea. Nearest 
village: Wandokai, Dedua CD, Finschhafen District, Morobe
Province.
Description: A small, low limestone sea cave containing the skeletal 
remains of at least 15 individuals, including adult males, 
females and juveniles. Nine crania were examined and recorded. 
The skeletal remains had been painted with red ochre. Crania 
are placed to the front of the cave, long bones and other 
postcranial elements to the rear, in a neat pile. Potsherds
are also present.
State of Preservation: Excellent.
Visited: 14.10.1985
Previous Visits: I. Lilley and S. Buna, 1983.
References: Lilley 1983.
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Site KJH
Figure 3, Plate 6
1:100,000 map sheet: Ago, grid reference EP863013
Altitude: 200m a.s.l.
Traditional Name: Niknekianka.
Local contact: Massam, Hubegong Village.
Location: Approximately 15 minutes walk due west of Hubegong Village.
The site is situated in a limestone outcrop (part of the 
terrace sequence) on the grass slope. Nearest village: 
Hubegong, Dedua CD, Finschhafen District, Morobe Province.
Description: A small limestone rocksheiter, containing the skeletal
remains of at least seven individuals (4 adult, 3 juvenile). 
Both cranial and postcranial elements are present. The four 
adult crania were examined and recorded. Most of the skeletal 
remains (including all of the crania) had been painted with red 
ochre and deposited in a variety of mortuary vessels. One
skeleton had been left in a decorated wooden bowl, other bones 
in two decorated clay pots.
State of Preservation: Excellent.
Visited: 12.10.1985
Previous Visits: I. Lilley and S. Buna, 1983.
References: Lilley 1983.
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Site KJJ
Figure 3
1:100,000 map sheet: Ago, grid reference EP891012
Altitude: 2 0m a.s .1.
Traditional Name: Tontina.
Local contact: Linbe, Hubegong Village.
Location: Situated on the cliff face of the Holocene terrace,
approximately 10 minutes walk southeast of the lighthouse 
located at Fortification Point. Nearest village: Hubegong,
Dedua CD, Finschhafen District, Morobe Province.
Description: A small, low limestone sea cave, containing the skeletal 
remains of at least 18 adult males, females and juveniles. 
Both cranial and postcranial elements are present. Ten crania 
were examined and recorded. Some of the crania and postcranial 
remains are partially buried, indicating that the site has not 
been disturbed for some time.
State of Preservation: Good.
Visited: 11.10.1985
Previous Visits: I. Lilley and S. Buna, 1983.
References: Lilley 1983.
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Site KJM
Figure 3
1:100,000 map sheet: Ago, grid reference EP838049
Altitude: 20m a.s.l.
Traditional Name: Tolumek.
Local contact: Yao, Wandokai Village.
Locality: The site is situated in the cliff face of the Holocene
limestone terrace, south of Wandokai and overlooking the sea. 
Nearest village: Wandokai, Dedua CD, Finschhafen District,
Morobe Province.
Description: A small sea cave containing the skeletal remains of five 
adult individuals. No associated postcranial elements are 
present. All five crania were examined and recorded.
State of Preservation: Excellent.
Visited: 15.10.1985
Previous Visits: I. Lilley and S. Buna, 1983.
References: Lilley 1983.
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Site KJO
Figure 3
1:100,000 map sheet: Ago, grid reference EP765082
Altitude: 60m a.s.l.
Traditional Name: Domungia.
Local contact: Amirro, Ago Village.
Location: Fifteen minutes walk south from Walingai Village along the
Finschhafen-Sialum road, then a further three minutes walk into 
the grass on the south side of the road, away from the sea. 
The site is situated on the Holocene terrace. Nearest village: 
Walingai, Dedua CD, Finschhafen District, Morobe Province.
Description: The site is located in a low crevice at the base of a 
limestone reef terrace and contains the cranial and postcranial 
remains of at least 13 individuals. Nine crania were examined 
and recorded. Some of the cranial and postcranial remains had 
been painted with red ochre and deposited in (now broken) 
decorated clay pots.
State of Preservation: Some of the human skeletal remains are in
excellent condition, while the remainder have been extensively 
damaged.
Visited: 17.10.1985
Previous Visits: I. Lilley and S. Buna, 1983.
References: Lilley 1983.
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Site KJS
Figure 3
1:100,000 map sheet: Ago, grid reference EP778071
Altitude: 80m a.s.l.
Traditional Name: Hebaka.
Local contact: Lake Tomobe, Ago Village.
Location: Ten minutes walk due west of Ago Village, on the first 
terrace above the Holocene terrace. Nearest village: Ago,
Dedua CD, Finschhafen District, Morobe Province.
Description: The site is below a small overhang formed by a large 
limestone boulder, and contains the cranial and postcranial 
remains of three adult individuals. Two crania were examined 
and recorded. The skeletal remains had been deposited in three 
decorated clay pots.
State of Preservation: Good.
Visited: 16.10.1985
Previous Visits: I. Lilley and S. Buna, 1983.
References: Lilley 1983.
416
Site KJY
Figure 3
1:100,000 map sheet: Ago, grid reference EP811049
Altitude: 6 0m a.s .1.
Traditional Name: Soging.
Local contact: Kikiang, Wandokai Village.
Location: Directly behind Wandokai Village, on the edge of the grass 
slope, approximately five minutes walk up the terrace sequence. 
Nearest village: Wandokai, Dedua CD, Finschhafen District, 
Morobe Province.
Description: A hole in a small limestone outcrop, containing the
cranial and postcranial remains of at least two adult 
individuals. One cranium was examined and recorded.
State of Preservation: Good.
Visited: 15.10.1985
Previous Visits: I. Lilley and S. Buna, 1983.
References: Lilley 1983.
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Site KJZ
Figure 3
1:100,000 map sheet: Ago, grid reference EP811051
Altitude: 20m a.s.l.
Traditional Name: Kalelongobika.
Local contact: Kikiang, Wandokai Village.
Location: Immediately opposite and below the Community School in
Wandokai Village, situated on the edge of the Holocene terrace. 
Nearest village: Wandokai, Dedua CD, Finschhafen District,
Morobe Province.
Desription: A small hole in the limestone shelf containing the cranial 
and postcranial remains of at least three individuals (adult 
and juvenile). One cranium was examined and recorded.
State of Preservation: Good.
Visited: 15.10.1985
Previous Visits: I. Lilley and S. Buna, 1983.
References: Lilley 1983.
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Site KNB
Figure 2
1:100,000 map sheet: Kaiapit, grid reference DP094078
Altitude: 400m a.s.l.
Traditional Name: Iyar.
Local contact: Sari Maniang, Biring Village.
Location: About 100m south of site KAJ and 200m upslope, overlooking 
the Biring-Onga road. Nearest village: Biring, Onga CD,
Kaiapit District, Morobe Province.
Description: A rocksheiter containing the skeletal remains of at least 
115 males, females and juveniles. All postcranial elements are 
represented. The crania had been placed in orderly rows
running the length of the site, and all longbones piled into 
bone-specific heaps. Three of the crania possess associated 
mandibles tied with bark string. Fifty-seven crania were 
examined and recorded. Three complete clay cooking pots are 
also present, along with bark sheets, the remains of spear 
shafts and other artefacts, all said to be part of the mortuary 
paraphernalia. Some of the crania to the front of the site had 
been painted with red ochre, said by the locals to indicate 
that these are the skulls of important men.
State of Preservation: Excellent.
Visited: 8-12.2.1985
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Site KNC
Figure 2
1:100,000 map sheet: Kaiapit, grid reference DP092071
Altitude: 360m a.s.l.
Traditional Name: Ngarusimgir.
Local contact: Sari Maniang, Biring Village.
Location: Approximately 3km south of Biring along the Biring-Onga
road. The site is hidden behind a large boulder, facing away 
from the road and in long grass. Nearest village: Biring, Onga 
CD, Kaiapit District, Morobe Province.
Description: A narrow rock shelter site containing the skeletal
remains of at least 33 adult males, females and juveniles. 
Some of the crania have become embedded in an ant mound. Four 
crania were examined and recorded. A single complete clay 
cooking pot was also present.
State of Preservation: Good.
Visited: 12.2.1985
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Site KND
Figure 4
1:100,000 map sheet: Armit, grid reference CN878012
Altitude: 1920m a.s.l.
Traditional Name: Yangi.
Local contact: Hamako, Hengwa Village.
Location: Three hours walk due west of Menyamya, on the northern 
slopes of a ridge and near its crest. The site is located in a 
pandanus grove. Nearest village: Hota, Southwest Menyamya CD, 
Menyamya District, Morobe Province.
Description: An open site containing the skeletal remains of at least 
14 individuals. Three of the individuals are still fleshed and 
articulated, one being complete. Seven crania were examined 
and recorded. Many of the individual remains lie within an 
arrangement of wooden poles roughly pyramidal in shape. An old 
wooden drum is also present.
State of Preservation: The site lies on an open slope and is barely
protected by a very shallow cliff overhang. Some of the crania 
have rolled downslope and, being completely exposed to the 
elements, are quite decayed.
Visited: 27.2.1985
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Site KNE
Figure 3
1:100,000 map sheet: Ago, grid reference EN913953
Altitude: 1Om a.s.1.
Traditional Name: Bandu.
Local contact: Sakais Kunan, Lakona Village.
Location: The site is located on a cliff frontage of the Holocene
terrace, directly overlooking the beach. It is situated 
between Lakona Village and the Sowi River, 15 minutes walk 
southeast from Lakona. Nearest village: Lakona, Kotte CD,
Finschhafen District, Morobe Province.
Description: A cave containing the cranial and postcranial remains of 
four individuals (three adult, one juvenile). The three adult 
crania were examined and recorded. All of the crania and some 
of the postcranial elements had been painted with red ochre. 
The juvenile skull shows evidence of symmetrical osteoporosis 
on the frontal bone, but not on the parietals or the occipital. 
Evidence of advanced cribra orbitalia is also present. A 
number of incised potsherds lie on the floor of the cave.
State of Preservation: Generally good.
Visited: 14.8.1985
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Site KNF
Figure 3
1:100,000 map sheet: Ago, grid reference EP845047 
Altitude: 10m a.s.l.
Traditional Name: Buninka 1.
Local contact: Yao, Wandokai Village.
Location: On the edge of the Holocene terrace, overlooking the sea and 
approximately 3.5km east of Wandokai. Nearest village: 
Wandokai, Dedua CD, Finschhafen District, Morobe Province.
Description: A long, low limestone cave located in the face of the
terrace, containing a single adult cranium.
State of Preservation: Good.
Visited: 14.10.1985
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Site KNG
Figure 3
1:100,000 map sheet: Ago, grid reference EP845047
Altitude: 10m a.s.l.
Traditional Name: Buninka 2.
Local contact: Yao, Wandokai Village.
Location: Situated approximately 20m to the northwest of site KNF.
Description: A small shelf in a fissure of the Holocene terrace,
containing the cranial and postcranial remains of three adult 
individuals. One cranium was examined and recorded, the other 
two being broken. An undecorated wooden bowl was also in the 
site.
State of Preservation: Good.
Visited: 14.10.1985
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Site KNH
Figure 3
1:100,000 map sheet: Ago, grid reference EP782069
Altitude: 20m a.s.l.
Traditional Name: Badang.
Local contact: John Wawaien, Ago Village.
Location: Three minutes walk directly behind Ago Village, on the
Holocene terrace. Nearest village: Ago, Dedua CD, Finschhafen 
District, Morobe Province.
Description: A small hole in the face of the terrace containing the
cranial and postcranial remains of at least five individuals, 
both adult and juvenile. One cranium painted with red ochre 
was examined and recorded.
State of Preservation: Good.
Visited: 16.10.1985
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Site KNI
Figure 3
1:100,000 map sheet: Ago, grid reference EP782067
Altitude: 80m a.s.l.
Traditional Name: Adahenebe.
Local contact: John Wawaien, Ago Village.
Location: Ten minutes walk due south of Ago, situated on the grass
slopes of the second terrace. Nearest village: Ago, Dedua CD, 
Finschhafen District, Morobe Province.
Description: A low limestone cavern formed by an overhanging boulder, 
containing the skeletal remains of at least four individuals. 
Two crania were examined and recorded. Two of the crania has 
been painted with red ochre and deposited in a decorated clay 
pot.
State of Preservation: Good.
Visited: 16.10.1985
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Site KNJ
Figure 3
1:100,000 map sheet: Ago, grid reference EP783062
Altitude: 120m a.s.l.
Traditional Name: Naba.
Local contact: John Wawaien, Ago Village.
Location: A limestone outcrop on the grass slopes behind Ago, almost 
due south of the village. Nearest village: Ago, Dedua CD,
Finschhafen District, Morobe Province.
Description: A small ledge in the side of a limestone outcrop,
containing the cranial and postcranial remains of at least six 
individuals, both adult and juvenile. Three crania were 
examined and recorded. Some of the crania had been painted 
with red and orange ochre, and the skeletal remains of three 
individuals placed in individual decorated clay pots.
State of Preservation: Good.
Visited: 16.10.1985
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Site KNK
Figure 3
1:100,000 map sheet: Ago, grid reference EP791059
Altitude: 8 0m a .s.1.
Traditional Name: Slsipaina.
Local contact: Manape, Ago village.
Location: At a point approximately half way between Wandokai and Ago, 
southwest of the road in the bush below the grass slopes. 
Situated on the first terrace. Nearest village: Ago, Dedua CD, 
Finschhafen District, Morobe Province.
Description: A low crevice beneath a limestone outcrop, containing the 
cranial and postcranial remains of at least 13 individuals, 
both adult and juvenile. Seven crania were examined and 
recorded. All crania had been painted with ochre. Decorated 
potsherds are also present.
State of Preservation: Good.
Visited: 17.10.1985
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Site LAA
Figure 5, Plate 6
1:100,000 map sheet: Kutubu, grid reference YT595882
Altitude: 840m a.s.l.
Traditional Name: Bebere.
Local contact: Kusa, Yo'Obo Village.
Location: About 2km southeast of Yo'Obo, on the southern shore of Lake 
Kutubu. The site is situated at the base of a sheer limestone 
cliff face overlooking the lake. Nearest village: Yo'Obo,
Foi'i CD, Nipa District, Southern Highlands Province.
Description: A sloping limestone rock ledge, containing the cranial 
and postcranial remains of at least 27 males, females and 
juveniles. The crania are arranged in two tiers on the sloping 
ledge floor, retained by two wooden poles. A wooden coffin is 
also present, containing only postcranial remains. Some old
string bags hang from a tree at the rear of the site. Rock art 
is present, supposedly drawn in association with the burials. 
Seventeen crania were examined and recorded.
State of Preservation: At present the crania are in good condition.
However, the slope of the floor of the ledge is quite 
precarious, and crania are lost as they become dislodged and 
fall into the lake.
Visited: 4.11.1985
Previous Visits: F.E. Williams, Nov. 1938 - May, 1939; G. Pretty,
1965.
References: Williams 1941; Pretty 1966.
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Site LJA
Figure 5
1:100,000 map sheet: Erave, grid reference ZT233687
Altitude: 1120m a.s.l.
Traditional Name: Yangoraisa.
Local contact: Dispute over ownership between Yadipa and Perepe clans.
Location: About five minutes due north from the Koiari road to an old 
gravel pit behind Koiari Village. Nearest village: Koiari,
Tsimberigi CD, Kagua District, Southern Highlands Province.
Description: An open site lying on an exposed slope near the edge of a 
disused gravel quarry, containing the cranial and postcranial 
remains of at least 15 males, females and juveniles. Ten 
crania were examined and recorded. Two of the adult crania
exhibited evidence of symmetrical osteoporosis on the parietals 
and the occipital, with accompanying cribra orbitalia.
State of Preservation: The original site was destroyed in 1977 by
employees of the Public Works Department when they were digging 
a gravel quarry for the construction of the Koiari road. The 
original site was apparently a small rock ledge which has since 
been removed. At the time of quarrying, the skeletal remains 
were thrown into the bush. They were later recovered by Yamo 
Sumili of Koiari Village and placed on an earthen embankment 
immediately adjacent to the site. Some of the skulls are
broken and the remainder in danger of destruction due to 
exposure to the weather.
Visited: 4.9.1985
Previous Visits: possibly by R. Mackay in the early 1970's.
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Site LJB
Figure 5
1:100,000 map sheet: Kutubu, grid reference YT489940
Altitude: 840m a.s.l.
Traditional Name: Sisimu.
Local contact: Mesa, Soroka Village.
Location: Situated on the west bank of the Soro River, about 2km 
upstream from its junction with Lake Kutubu. Nearest village: 
Soroka, Foi'i CD, Nipa District, Southern Highlands Province.
Description: A series of three adjacent rockshelters and a single 
small cave, containing the cranial and postcranial remains of 
at least 14 males, females and juveniles. Eight crania were 
examined and recorded. No associated mortuary items were 
observed.
State of Preservation: Good.
Visited: 2.11.1985
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Site LJC
Figure 5, Plate 7
1:100,000 map sheet: Kutubu, grid reference YT633865
Altitude: 840m a.s.l.
Traditional Name: Ko'osamai.
Local contact: Momai clan, Gesege Village.
Location: About 15 minutes by motor canoe from Gesege Village to the 
southern shore of the lake. The site is situated in thick 
bush, on the immediate edge of the bank. Nearest village: 
Gesege, Foi'i CD, Nipa District, Southern Highlands Province.
Description: A limestone rock ledge set in thick bush and overlooking 
the lake shore. The site contains the cranial and postcranial 
remains of at least 25 males, females and juveniles. The 
skeletal remains are set in two separate piles 5m apart. 
Nineteen crania were examined and recorded. No other
associated mortuary items were observed.
State of Preservation: Excellent.
Visited: 6.11.1985
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Site MÜC
Figure 6
1:100,000 map sheet: Hagen, grid reference AP784385
Altitude: 1960m a.s.l.
Traditional Name: Kibalg.
Local contact: Numja, Kopulga Village.
Location: About one and a half hour walk from Kopulga Village, up the 
western side of the Nebilyer Valley in a section known as the 
'Wall'. Nearest village: Kopulga, Nebilyer CD, Hagen Central
District, Western Highlands Province.
Description: A small, low rocksheiter formed by a slight outcropping 
of the limestone cliff face. The site contains the cranial and 
postcranial remains of at least 34 males, females and 
juveniles. Twenty-four crania were examined and recorded.
State of Preservation: Good. Some of the crania have been gnawed by
rats .
Visited: 19-20.10.1985
Previous Visits: possibly by L.H. Barnard in 1953 or 1954.
References: possibly Barnard, 1954.
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Site MUD
Figure 6
1:100,000 map sheet: Hagen, grid reference AP785387
Altitude: 1880m a.s.l.
Traditional Name: Tembraimp.
Local contact: Numja, Kopulga Village.
Location: About 500m south of site MUC. Nearest Village: Kopulga,
Nebilyer CD, Hagen Central District, Western Highlands 
Province.
Description: A small rock ledge containing the cranial and postcranial 
remains of at least three individuals, both adult and juvenile. 
Two crania were examined and recorded.
State of Preservation: Fair. The site is very damp and the bone is
beginning to decompose.
Visited: 25.7.1985
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Site MUE
Figure 6
1:100,000 map sheet: Hagen, grid reference AP697474
Altitude: 2360m a.s.l.
Traditional Name: Klkkundumur.
Local contact: Tapia Tamai, Elga Village.
Location: One hour's walk north of Elga Village into the hills 
overlooking the Pind River. Nearest village: Elga, Tambul CD, 
Tambul District, Western Highlands Province.
Description: A small niche in a limestone outcrop, containing the
cranial and postcranial remains of at least eight individuals, 
both adult and juvenile. Three crania were examined and 
recorded, the rest being too damaged.
State of Preservation: Fair. The general region of Alkena was once
the centre of a cult known as Padlma, which apparently 
maintained some 200 crania in Alkena itself as part of the cult 
procedure (Steinbauer 1979:116). Local informants told me that 
when this cult was active in the early 1960's, a large number 
of crania was in fact used, but that they were brought to 
Alkena from a number of local ossuaries. These caves are today 
empty, as some years ago local missionaries persuaded the 
inhabitants of the area to bury • the remains. Site MUE was the 
only ossuary left intact.
Visited: 28.7.1985
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Site NSA
Figure 7
1:100,000 map sheet: Goroka, grid reference CP095068
Altitude: 1400m a.s.l.
Traditional Name: Kwalivo.
Local contact: ?
Location: About a half hour's walk southwest from Mariko Village, 
towards the Ayondo River. The site lies at the base of a large 
bamboo grove, overlooking the river. Nearest village: Mariko, 
Lowa CD, Goroka District, Eastern Highlands Province.
Description: A cave containing the cranial and postcranial remains of 
at least 11 adult individuals. Ten crania were examined and 
recorded. The crania are arranged on a rock ledge facing the 
entrance of the site, with the longbones disposed behind them.
State of Preservation: Good.
Visited: 30-31.5.1985
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Site ODD
Figure 8
1:100,000 map sheet: Kikori, grid reference AM874928
Altitude: 60m a.s.l.
Traditional Name: Urapo.
Local contact: Kemuru Epema, Kopi Village.
Location: About 10 minutes by outboard canoe from Kopi Village, 
following the Utiti Creek upstream, and then a further 30 
minutes walk north from the landing on the right bank. Nearest 
village: Kopi, Kikori-Kairi CD, Kikori District, Gulf Province.
Description: A limestone rocksheiter situated half-way up a large
limestone hill, containing the cranial and postcranial remains 
of at least 27 adult males, females and juveniles. Twenty-one 
crania were examined and recorded. One of the juvenile crania 
has nose and eye plugs of fibrous material inset with small 
shells. One of the adult male crania has a metal ring attached 
around the right zygomatic arch. A rotting wooden paddle is 
also present.
State or Preservation: Excellent.
Visited: 20.11.1985
Previous Visits: J. Rhoads, June 1976.
References: Rhoads 1980.
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Site ODF
Figure 8
1:100,000 map sheet : Kikori, grid reference AM829958
Altitude: 20m a.s.l.
Traditional Name: Rupo.
Local contact: Kuiaru Latto, Kopi Village.
Location: About 40 minutes by outboard canoe from Kopi Village, 
following the Utiti Creek upstream. The cave is situated on 
the right bank, facing directly upstream. Nearest village: 
Kopi, Kikori-Kairi CD, Kikori District, Gulf Province.
Description: A cave containing the cranial and postcranial remains of 
at least 16 males, females and juveniles. Fourteen crania were 
examined and recorded. Some of the crania had been painted 
with red ochre, and one of the adult male crania has a red 
plastic tag attached to the left zygomatic arch by a metal tie. 
No mortuary objects were observed.
State of Preservation: Excellent.
Visited: 19.11.1985
Previous Visits: J. Rhoads, June 1976.
References: Rhoads 1980.
438
Site ODG
Figure 8
1:100,000 map sheet: Kikori, grid reference AM888926
Altitude: 4 0m a .s.1.
Traditional Name : Kapoyoni.
Local contact: Kemaru Epema, Kopi Village.
Location: About five minutes upstream on the Kikori River, stopping on 
the west bank, then a walk of about 20 minutes west. Nearest 
village: Kopi, Kikori-Kairi CD, Kikori District, Gulf Province.
Description: A rocksheiter set half-way up a limestone slope,
containing the cranial and postcranial remains of at least 54 
males, females and juveniles. Ten crania were examined and 
recorded. Some of the crania have ochre marks on the frontal 
bones and one adult male has a metal ring attached to the left 
zygomatic arch. A wooden paddle is also present.
State of Preservation: Excellent.
Visited: 21.11.1985
Previous Visits: J. Rhoads, June 1976.
References: Rhoads 1980.
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Site PFA
Figure 9
1:100,000 map sheet: Bundi, grid reference BP791427
Altitude: 2120m a.s.l.
Traditional Name: Erpui.
Local contact: Gogua Minga and Bounda Mond, Mende Village.
Location: Drive from Mende clan hamlet north on the Pari road,
stopping at the third bridge where a large stream flows east 
into the Chimbu River. The site is situated approximately one 
hour's walk from the bridge directly uphill on the western 
slope, in a cleared grass area. Nearest village: Mende, Waiye 
CD, Kundiawa District, Simbu Province.
Description: A hollow in the side of a cleared slope with a small 
entrance tapering to a point at the rear. The cave contains 
the cranial and postcranial remains of at least 14 adult males 
and females. Eleven crania were examined and recorded. The 
local people say that this cave was used only for the burial of 
people killed during clan fights, or adults who had died of 
illness, therefore explaining the absence of juvenile remains.
State of Preservation: The • site has been badly damaged by foraging
pigs.
Visited: 2.7.1985
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Site PFB
Figure 9
1:100,000 map sheet: Minj, grid reference BP781372
Altitude: 1520m a.s.l.
Traditional Name : Dengongo.
Local contact: Dobe Arak, Uramagkani Clan (see Par Agua for permission 
to visit).
Location: Approximately 40 minutes walk from the Pari Road towards
Bunaku Hamlet. The site overlooks the Chimbu River as it flows 
through a narrow, high-cliffed gorge some 50m below. Nearest 
village: Pari, Waiye CD, Kundiawa District, Simbu Province.
Description: A limestone cave, containing the cranial and postcranial 
remains of at least 14 males, females and juveniles. Nine 
crania were examined and recorded. The cave is quite large, 
with the skeletal material scattered over a wide area, 
particularly to the rear of the site. Some rock art is 
present, but according to my informants it is recent, drawn 
within the last generation. One informant said the paintings 
had been executed by children. This is contradictory to the 
observations of Wilde (1974, 1975) who has published
extensively on the same site, calling it Ak Kagamugl. The name 
given to me was Dengongo, with the land on which the site is 
situated called Ak Kagamugl. As far as I am aware, the site 
has not previously been given a site code.
State of Preservation: Good.
Visited: 1.7.1985
Previous Visits: K. Wilde, 1973.
References: Wilde 1974, 1975a, b.
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Site PFC
Figure 9
1:100,000 map sheet: Minj, grid reference BP769410
Altitude: 2440m a.s.l.
Traditional Name: Kinduangugl.
Local contact: Tine Awak, Mindeme Hamlet.
Location: Approximately one hour's walk northwest from Mindeme Hamlet, 
situated on the Pari road, the site is located at the base of a 
limestone cliff known to the local people as Emai. Nearest 
village: Pari, Waiye CD, Kundiawa District, Simbu Province.
Description: A small limestone crevice containing the cranial and
postcranial remains of at least 15 individuals, both adult and 
juvenile. Thirteen crania were examined and recorded.
State of Preservation: Excellent.
Visited: 3.7.1985
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Site PFD
Figure 9
1:100,000 map sheet: Bundi, grid reference BP815370
Altitude: 1920m a.s.l.
Traditional Name: Bongerekombogo.
Local contact: Kanoua Gowage, Kugma Hamlet.
Location: Approximately 45 minutes walk from Moasuko Village, through 
Kugma Hamlet. The site itself is located on a valley side, 
overlooking the Mai Mission School. Nearest village: Moasuko, 
Yonggamugl CD, Kundiawa District, Simbu Province.
Description: A small hollow in the side of a limestone cliff face,
containing the cranial remains of at least three individuals. 
The hollow contains longbones and other postcranial elements 
from a much greater number of individuals. Three crania were 
examined and recorded.
State of Preservation: Excellent.
Visited: 9.7.1985
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Site PFE
Figure 9, Plate 7
1:100,000 map sheet: Bundi, grid reference BP790446
Altitude: 2680m a.s.l.
Traditional Name: Amulbuamemekombulo.
Local contact: John Dekne, Genai Village.
Location: Approximately one hour's walk northwest from Genai Village.
The site lies at the top of a grassed slope, overlooking the 
Almbukombulonigl River, near the base of Mt. Keke. Nearest 
village: Genai, Waiye Sub-District, Kundiawa District, Simbu
Province.
Description: A large cave containing the cranial and postcranial
remains of at least 14 males, females and juveniles. Seven 
crania were examined and recorded.
State of Preservation: Good.
Visited: 10.7.1985
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Site PFF
Figure 9
1:100,000 map sheet: Minj, grid reference BP772381
Altitude: 1840m a.s.l.
Traditional Name: Ombondo Yonaminge.
Local contact: Jerry Onguglo and Martin Nombri, Uragmakani Hamlet.
Location: Situated approximately five minutes walk upslope from the
Uragmakani trade store, on the Pari road. Nearest village: 
Pari, Waiye CD, Kundiawa District, Simbu Province.
Description: A cave situated at the base of a limestone outcrop. A 
narrow entrance leads down into a large, sloping chamber 
containing the cranial and postcranial remains of at least 26 
males, females and juveniles. This total includes 23 detached 
crania and the remains of three corpses. One of these 
individuals is a woman said to have died in 19 64 (Wilde 
1974:177). Twenty crania were examined and recorded.
This site was previously designated by K. Wilde as NEV, and by P. 
Dwyer as NDW. The N designation was applicable when the region 
was part of the Eastern Highlands Province, but now that Simbu 
is a province in its own right, a new site code has been 
allocated.
State of Preservation: Excellent.
Visited: 29-30.6.1985
Previous Visits: K. Wilde, 1973; P. Dwyer, 1979.
References: Wilde 1974, 1975a, b.
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Site RDJ
Figure 10
1:100,000 map sheet: Telefomin, grid reference WK692308
Altitude: 14 8 0m a.s.1.
Traditional Name: Telefolip.
Location: Telefolip is a village which lies approximately 2.51cm south 
of the Telefomin District Headquarters, in the Telefomin Local 
CD, Telefomin District, West Sepik (Sandaun) Province.
Description: Telefolip is significant to the local people as the
birthplace and ancestral home of Afek, the spirit mother of the 
Mountain Ok people (Craig 1983; Swadling 1983) . In almost
every house in the village ancestral skulls, known as menamem, 
are kept for the production of magic. I was allowed to examine 
and record seven of these crania, which are safeguarded in old 
string bags and appear not to have been disturbed for some 
time. Telefolip is registered by the National Museum as an 
ancestral site.
State of Preservation: The crania I examined were in good condition, 
although many were fire-blackened or slightly charred from 
being kept close to cooking fires. The menamem from Telefolip 
are apparently all that remain of menamem that were once 
widespread throughout the villages of the Telefol and Wopkaimin 
groups. The remainder were destroyed during a Baptist Revival 
Movement some years ago (Craig 1983) .
Visited: 23.9.1985
Previous Visits: B. Craig, 1981, 1983.
References: Craig 1981, 1983; Swadling 1983.
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Site RGB
Figure 10
1:100,000 map sheet: Oksapmin, grid reference XV349227
Altitude: 1720m a.s.l.
Traditional Name: Buap Olsel.
Local contact: Wetkus Village.
Location: Approximately 30 minutes walk west of Oksapmin Station, on a 
small hilltop looking east over the Tranga Valley. Nearest 
village: Oksapmin Sub-District Headquarters, Teranap-Tekin CD, 
Telefomin District, West Sepik (Sandaun) Province.
Description: A limestone rock ledge containing the cranial and
postcranial remains of at least eight individuals, adult only. 
Some of the crania still have skin adhering to the bone, and 
some of the postcranial remains are partially articulated. 
Four crania were examined and recorded. The site also contains 
a wooden structure said to be the remnants of a burial platform 
on which a body had been placed. The platform has largely 
fallen apart.
State of Preservation: Excellent.
Visited: 25.9.1985
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Site RGC
Figure 11
1:100,000 map sheet: Vanimo, grid reference WN005117
Altitude: 5m a.s.1.
Traditional Name: Wai'ou.
Local contact: Stanis Chilong, Wutung Village.
Location: Approximately 15 minutes walk west along the beach from
Wutung Village. The site lies approximately 50m from the 
concrete plinth marking the border between Papua New Guinea and 
Irian Jaya. Nearest village: Wutung, Vanimo West Coast CD,
Vanimo District, West Sepik (Sandaun) Province.
Description: A large limestone rocksheiter on the beachfront,
containing the cranial and postcranial remains of at least 25 
individuals. Four crania were examined and recorded, although 
20 are in good condition. A misunderstanding with the owner of 
the site prevented me from examining the remainder of the 
material.
State of Preservation: Excellent.
Visited: 3.10.1985
References: 'Carell 1966 .
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APPENDIX 3
PROVENANCE OF MUSEUM SAMPLES
1. Upper Sepik River
The six crania comprising the Upper Sepik River sample are in the 
Shellshear Museum in the Department of Anatomy, University of Sydney. 
They are part of a consignment of 11 Sepik crania sent to the Museum 
in 1919 by Major Reginald Fitzherbert, an Australian Government 
Medical Officer stationed in Rabual, East New Britain Province. In 
his letter to the Museum (McKenzie-Smith 1984:44), Fitzherbert states 
that the crania come "from the upper water[s] of the Sepik River, New 
Guinea." There is no other documentary information regarding the 
provenance of the remains. It is possible that they were collected 
from villages along the Sepik River between Ambunti and Tambanum (Dr. 
P. Gorecki pers. comm.).
2. Astrolabe Bay
The Astrolabe Bay sample is drawn from a collection of crania 
donated in 1889 to the Macleay Museum, University of Sydney, by the 
widow of Baron Nicolai Nicolaevitch Miklouho-Maclay. The crania were 
collected by Miklouho-Maclay from a number of coastal and inland 
villages during two expeditions to the Astrolabe Bay coast in 1876 and 
1877 (Sentinella 1975) . After being accepted by the Museum (but not
catalogued), the remains were stored out of sight until 1948 when
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Professor Macintosh of the University's Department of Anatomy was 
asked to examine the Museum's collection and to offer suggestions 
regarding its curation (Macintosh 1949) . Macintosh investigated the 
provenance of the collection and was able to recover a great deal of 
information relating to it.
Eleven crania from this collection are included in the present 
Astrolabe Bay regional sample. These are from the villages of Englam, 
Sangdinbi, Sambul and Gorendu (as recorded by Miklouho-Maclay) . 
According to Macintosh (1949:179), Gorendu was a coastal village, 
while Sangdinbi, Sambul and Englam were mountain villages near the 
Koli River, approximately 50km inland and at an altitude of about 350m 
a.s.l. It is not clear where Macintosh (1949) got this information. 
A village 50km inland from the Astrolabe Bay coast would put it on the 
floor of the Ramu Valley, an area inhabited by a totally different 
population. Sentinella (1975) provides a rough location map of some 
of the villages mentioned in Miklouho-Maclay's diaries, but simply 
locates them in relation to known rivers and does not give any 
contextual information.
Englam is probably the modern village of Yangulam, situated on the 
banks of the Kabenau River (Gabenau on Sentinella's map) in the 
Kabenau Census Division of the Madang District, Madang Province (Dumpu 
1:100,000 map, grid reference CP727909). The location map provided by 
Sentinella (1975) places Englam some 2.5km from the coast. Yangulam 
is 3.5km from the nearest stretch of coast, near the base of the 
Finisterre Mountains at an altitude of approximately 40m a.s.l. None 
of the other villages listed by Macintosh can be found, either on the 
1:100,000 map series or in the Preliminary Field Counts of the 
National Census of 1980 . This is not surprising as it was the policy 
of early governments to bring local people down from the hills and
away from the hamlets so that they could be concentrated in easily 
accessible centres for administrative purposes.
It is possible that the Astrolabe Bay sample consists of crania 
drawn from at least two different language groups representing coastal 
and nearby inland populations. The crania were collected from a 
limited area, however, and from groups that according to Miklouho- 
Maclay's diary had a high degree of social interaction. On this basis 
the sample is included in the present study as representative of a 
discrete region.
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3. Purari River Delta
The Purari River Delta sample was also drawn from the Shellshear 
Museum. The 31 crania that comprise it are part of a collection of 43 
sent to the Museum by Thomas Anderson Stuart in 1916. The only 
documentary evidence relating to the provenance of the collection is a 
letter from Stuart to Professor Wilson, then head of the Anatomy 
Department (McKenzie-Smith 1984). Stuart wrote that he had very 
little information about the crania, but that he had been told they 
came from the village of Okearavi on the Purari Delta. He concluded, 
however, that they probably really belonged to people from the Baroi 
River "...who had been slain and probably eaten in tribal warfare" 
(Stuart in McKenzie-Smith 1984:33).
There is no village called Okearavi listed in the Preliminary 
Field Counts of the National Census for 1980. It is probable that
'Okearavi' is in fact one of two locations, either Akiravi Village in
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the Baroi Census Division, or Akia Ravi, a subsection of Ukiravi 
Village and probably in the Koriki Census Division.
Stuart's comment concerning warfare between the Baroi River people 
and the inhabitants of 'Okearavi' probably rules out the first of 
these alternatives, since it is highly unlikely that 'Okearavi' would 
actually be located within their enemy's territory. That territory is 
today included in the Baroi Census Division, so it is reasonable to 
conclude that 'Okearavi' is not in fact Akiravi Village.
Williams (1924) has described the pattern of intergroup warfare 
that existed in the recent past between the four major Purari River 
Delta tribes: the Koriki, the lari, the Kaimari and the Baroi 
(Williams 1924:4-5). At the time of his description, each of these 
tribes could be divided into a series of known villages or village 
groups. The term village-group (Williams 1924:4):
express[es] more truly the nature of the large village, 
because...though locally one settlement, [it] is 
morphologically a nexus of smaller communities, each centred, 
so to speak, about a ravi, or men's house.
The single most extensive village-group described by Williams was 
Ukiravi (the main centre of the Koriki), which in 1923 contained 2,286 
inhabitants divided into eight ravi. One of these ravi was called 
Akia Ravi (Williams 1924:85).
According to Williams (1924:81, 106), the Baroi were under 
constant attack by the Koriki and particularly by the people of 
Ukiravi Village. Given this comment and similarities in the 
pronunciation of 'Okearavi' and Akia Ravi, it is probable that the 
crania sent to the Department of Anatomy by Stuart were Baroi heads 
collected at Akia Ravi after they had been detached from their Baroi
owners.
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The Baroi River is now referred to as the Varoi River by the Papua 
New Guinea 1:100,000 Topographic Survey, but the village of Ukiravi is 
not marked. The Papua New Guinea Village Directory for 1973 lists a 
village called Akiaravi in the Koriki Census Division of the Kikori 
Sub-District, but again Ukiravi is not listed as a separate village. 
It is possible that the individual ravi of Ukiravi may have been 
listed as separate villages for administrative purposes. The 
Preliminary Field Counts of the 1980 National Census do not list 
either Akiaravi or Ukiravi as villages of the Koriki Census Division.
4. Goaribari Island
The 127 crania comprising the Goaribari Island regional sample 
were drawn from the human skeletal collection of the National Museum 
and Art Gallery of Papua New Guinea, Port Moresby. According to the 
accession records of the Museum, the majority of the Goaribari Island 
crania were collected by Thomas Schultze-Westruin in 1966 and 
accessioned by the Museum in 1971. Goaribari Island lies immediately 
offshore in the Gulf of Papua, near the Kikori River Delta. With the 
exception of a few crania recorded as having been collected from 
Dopima Village (one of three main villages on the island), there is no 
further provenance given.
Headhunting was a common practice throughout the Gulf region, as 
both an integral part of the male initiation procedure or the end 
result of a revenge killing (Williams 1924; Landtman 1927) . Trophy 
skulls collected in such a fashion were engraved with designs which 
were presumably clan- or family-specific (Holmes 1897), and displayed
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in the ravi or dobu (men's house) (Hurley 1924; Specht and Fields 
1984) .
The Goaribari Island regional sample is drawn from such a 
collection of trophy skulls. Unfortunately, there are no specific 
ethnographic accounts describing the groups headhunted by the 
Goaribari and so it is not possible to determine the exact source of 
the crania. Headhunting was restricted to traditional enemies, 
however, and it is likely that the Goaribari Island trophy skulls come 
from a circumscribed area of the adjacent mainland coast. The 
collection is also likely to contain the crania of locally deceased
ancestors (see Holmes 1897) .
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APPENDIX 4
PRESENTATION OF RAW DATA
The following is a presentation of all raw data (metric, non­
metric and anatomical) recorded on the 586 crania used in the present
study. The data for each individual cranium are recorded in four
lines, or records, the first number in each record being the number of
that record. The next three numbers in each record are the
identification number of the cranium; these numbers are not unique to 
each cranium, since for each region the numbering starts at 001. All 
of the identification variables and the metric, non-metric and 
anatomical variables are identified by column numbers in each of the 
records in which they occur.
Record 1
1 Record number
2-4
5-7
8-9
10
Cranium number 
Site code 
Region 
Sex
11-18
19-20
Collection
Collection
serial number
22-24 Film roll :number
25-27 MAXBIP Maximum bi-parietal breadth
28-30 MAXCR Maximum cranial breadth
31-33 GLOPC Glabella-opisthocranion
34-36 NOPC Nasion-opisthocranion
37-39 GLLA Glabe11a-lambda
40-42 NLA Nasion-lambda
43-45 BASBREG Basion-bregma
46-48 BASN Basion-nasion
49-51 BASNS Basion-nasospinale
52-54 BASPROS Basion-prosthion
55-57 BAS LA Basion-lambda
58-60 BASIN Basion-inion
61-63 BIAURIC Bi-auriculare
64-66 BIAST Bi-asterion
67-69 GLBREG Glabella-bregma
70-72 NBREG Nasion-bregma
73-74 METHT Metopion height
75-76 NMET Nasion-metopion
/
Record 2
1 Record number
2-4 Cranium number
5-7 MAXSORB Maximum supraorbital breadth
8-9 MINCR Minimum cranial breadth
10-12 MINPORB Minimum postorbital breadth
13-15 BIZYG Bi-zygion
16-18 BIZYGOM Bi-zygomaxillare
19-20 BIMAXF Bi-maxillofrontale
21-23 MAXBIFRO Maximum bi-frontomalare
24-26 BISTEPH Bi-stephanion
27-28 OP IN Opisthion-inion
29-31 OPOPC Opisthion-opisthocranion
32-34 OP LA Opisthion-lambda
35-37 OPAST Opisthion-asterion
38-40 OPN Opisthion-nasion
41-42 FML Foramen magnum length
43-44 FMB Foramen magnum breadth
45-47 BIMAST Bi-mastoidale
48-49 BASSPH Basion-sphenobasion
50-51 BASOCCB Basioccipital breadth
52-53 BASAST Basion-asterion
54-56 LABREG Lambda-bregma
57-58 PARST Parietal subtense height
59-60 BREGPARS Bregma-parietal subtense
61-62 LAIN Lambda-inion
63-65 LAAST Lambda-asterion
66-68 AURBREG Auriculare-bregma
69-71 AURGL Auriculare-glabella
72-74 AURN Auriculare-nasion
75-77 AURNS Auriculare-nasospinale
78-80 AURPROS Auriculare-prosthion
Record 3
1 Record number
2-4 Cranium number
5-6 AURZYGOM Auriculare-zygomaxi11are
7-9 AURLA Auriculare-lambda
10-12 AURIN Auriculare-inion
13-14 AUROP Auriculare-opisthion
15-16 AURBAS Auriculare-basion
17-18 AURAST Auriculare-asterion
19-21 NIN Nasion-inion
22-23 NNS Nasion-nasospinale
24-25 NPROS Nasion-prosthion
26-27 NASB Nasal breadth
28-29 ORBHT Orbital height
30-31 ORBB Orbital breadth
32-33 CHKHT Cheek height
34-36 BIECT Bi-ectoconchion
37-38 BID AC Bi-dacryon
39-40 ALVL Alveolar length
41-42 ALVB Alveolar breadth
43-44 MASTL Mastoid length
45-46 MASTW Mastoid width
47-48 MASTB Mastoid breadth
49-50 NASOFRON Nasofrontal articulation
51-52 NSPROS Nasospinale-prosthion
53 GLABPROM Glabellar prominence
Record 4
1 Record number
2-4 Cranium number
5 EPIBL Epipteric bone left
6 EPIBR Epipteric bone right
7 ASTBL Asterionic bone left
8 ASTBR Asterionic bone right
9 LAMW Lambdoid wormians
10 POSTCCL Post-condylar canal left
11 POSTCCR Post-condylar canal right
12 VESFL Vesalian foramen left
13 VESFR Vesalian foramne right
14 OVALSPCL Ovale-Spinosum confluence left
15 OVALSPCR Ovale-Spinosum confluence right
16 PTBASBL Pterygo-Basal bridging left
17 PTBASBR Pterygo-Basal bridging right
18 ACCPALFL Accessory Palatine foramen left
19 ACCPALFR Accessory Palatine foramen right
20 PALT Palatine torus
21 PALBML Palatine bridging (medial) left
22 PALBMR Palatine bridging (medial) right
23 INFFL Infraorbital foramen left
24 INFFR Infraorbital foramen right
25 INFSL Infraorbital suture left
26 INFSR Infraorbital suture right
27 SPHMAXL Spheno-maxillary articulation left
28 SPHMAXR Spheno-maxillary articulation right
29 LACFL Lacrimal foramen left
30 LAC FR Lacrimal foramen right
31 TROCHSPL Trochlear spur left
32 TROCHSPR Trochlear spur right
33 ZYGOFFL Zygo-facial foramen left
34 ZYGOFFR Zygo-facial foramen right
35 AUDEXL Auditory exostoses left
36 AUDEXR Auditory exostoses right
37 CO Cribra orbitalia
38 SUPERCR Superciliary ridge development
39 ZYGOMT Zygomatic trigone development
40 PHAENO Phaenozygy
41 VAULTK Degree of vault keeling
42 TOT Transverse occipital torus development
43 ROUNDORB Rounding of the infraorbital margin
44 ANTNASSP Anterior nasal spine development
45 MEDFFR Median frontal ridge development
46 PARBOSS Parietal bossing
47 SUPMASTC Supramastoid crest development
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A number of alphabetic and numeric 
data recording, both to summarise and to
codes were used to facilitate 
indicate missing data.
Site number
As explained in Chapter Three, the alphabetic site codes are those 
of the Department of Prehistory, National Museum and Art Gallery of 
Papua New Guinea, which maintains the National Site Register. Each 
site code comprises three letters, the first letter denoting the 
province of origin.
Region
01 Goaribari Island
03 Buang Mountains
04 Upper Markham Valley
05 Menyamya
06 Mariko
07 Chimbu Gorge
08 Nebilyer-Kaugel
09 Finschhafen Coast
10 Erave
11 Telefolip-Oksapmin
12 Wutung
13 Lake Kutubu 
15 Kikori River
18 Astrolabe Bay
19 Purari River Delta 
21 Upper Sepik River
Sex
1 Male
2 Female
Collection
01 National Museum and Art Gallery of Papua New Guinea
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02 Macleay Museum, University of Sydney.
03 Shellshear Museum, Department of Anatomy, University 
of Sydney.
Metric Variables
Missing values for the metric variables are indicated by either a 
0, 00 or 000, depending on the number of digits allotted to the 
variable.
Non-metric Variables
Epipteric bone 
Asterionic bone 
Lambdoid wormians 
Post-Condyler canal 
Vesalian foramen 
Ovale-Spinosum confluence 
Pterygo-Basal bridging 
Accessory Palatine foramen 
Palatine torus 
Palatine bridging (medial) 
Infraorbital foramen 
Infraorbital suture 
Spheno-maxillary articulation 
excludes the zygoma 
Lacrimal foramen 
Trochlear spur 
Zygo-facial foramen 
Auditory exostoses
Missing value: 9
0 1 2
absent present
absent present
absent present
absent present
absent present
divided confluent
absent spur bridge
single double
absent present
absent spur bridge
absent present
absent present
no yes
absent present
absent present
single double
absent present
Pathologies
Cribra orbitalia
0 1 
absent present
Missing value: 9
Anatomical Variables
0 1 2 3
Superciliary ridge slight medium large
Zygomatic trigone slight medium large
Phaenozygy absent trace distinct
Vault keeling absent trace distinct
Transverse occipital absent trace distinct
torus
Infraorbital margin absent trace distinct
rounded
Anterior nasal spine >Broca 3 Broca 3 <Broca 3
Median frontal ridge absent trace distinct
Parietal bossing prominent medium slight
External occipital distinct trace absent
protrub.
Supramastoid crest large medium slight
Missing value: 9
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1 0 0 1KND 0 5 1 0 0 0 0 0 0 0 0 0 0  1 4 b l 2 3 1 2 3 1 7 8 1 7 6 1 7 2 1 7 2 1 2 2 0 9 2 0 9 2 0 9 9 1 1 4 0 7 2 1 1 6 1 0 2 0 9 7 1 0 4 2 5 4 8  
2 0 0 1 1 1 0 7 2 0 9 3 1 3 0 0 9 6 2 9 1 0 6 1 1 0 4 0 0 8 2 0 9 7 0 6 1 1 2 6 3 7 2 8 1 0 1 2 1 2 1 7 3 1 1 2 2 2 6 4 6 6 0 8 2 1 2 2 1 1 3 1 0 9 1 1 4 1 2 2  
3 0 0 1 7 8 1 1 5 0 9 0 7 1 6 1 4 5 1 5 6 4 8 6 3 2 7 3 1 3 9 2 1 1 0 3 2 9 5 6 6 3 2 4 1 6 1 4 1 6 1 6 2  
4 0 0 1 1 0 0 0 1 0 0 0 0 0 0 0 0 1 1 1 0 0 1 1 1 1 1 0 1 1 0 0 1 1 0 0 1 1 1 3 0 1 3 3 1 2 3 1
1002KND051 0 0 0 0 0 0 0 0 0 0  1 4 b l 3 8 1 4 0 1 9 1 1 8 6 1 8 6 1 8 3 1 3 5 1 0 2 1 0 0 1 0 6 1 1 7 0 8 0 1 2 9 1 0 7 1 1 3 1 1 6 2 7 5 4  
2 0 0 2 1 0 7 7 4 0 8 6 1 4 0 1 0 3 2 4 1 0 5 1 0 6 4 5 0 8 0 0 9 5 0 6 1 1 3 4 3 4 2 9 1 0 1 2 2 2 3 7 7 1 2 1 2 4 6 2 6 2 0 8 7 1 3 3 1 2 6 1 2 0 1 2 3 1 3 3  
3 0 0 2 8 6 1 1 9 0 9 6 7 4 6 9 4 5 1 7 3 4 7 6 5 2 7 3 1 4 0 2 4 1 0 1 2 7 6 2 6 9 3 0 1 5 1 4 1 4 2 0 4  
4 0 0 2 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 1 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 0 1 2 1 3 1 3 3 3 1 2 1 1
1 0 03KND051 0 0 0 0 0 0 0 0 0 0  1 4 b l 3 3 1 3 4 1 7 7 1 7 6 1 7 4 1 7 4 1 2 1 1 0 5 0 9 8 0 0 0 1 0 9 0 6 9 1 2 5 1 0 9 1 0 2 1 0 5 2 3 5 3  
2 0 0 3 1 1 0 7 5 0 9 1 1 4 3 1 0 6 2 5 1 0 8 0 9 3 3 5 0 7 8 0 8 9 0 6 0 1 3 8 3 5 2 8 1 0 0 2 2 2 3 7 5 1 0 4 2 4 5 5 6 3 0 8 2 1 2 0 1 1 9 1 1 8 1 1 9 0 0 0  
3 0 0 3 7 9 1 1 3 0 9 0 7 4 6 5 4 6 1 6 4 5 5 0 0 2 8 3 2 4 1 2 4 1 0 4 2 8 5 6 7 0 3 2 1 9 1 6 1 7 0 0 2  
4 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 1 0 1 1 0 1 1 0 0 0 1 2 2 3 1 3 3 3 3 3 1 2
1 0 0 4KND051 0 0 0 0 0 0 0 0 0 0  1 4 b l 2 8 1 3 1 1 8 1 1 7 6 1 7 7 1 7 4 1 2 7 0 9 6 0 9 4 1 0 0 1 1 2 0 7 3 1 2 3 1 1 0 1 0 0 1 0 4 2 4 4 6  
2 0 0 4 1 0 7 7 1 0 8 7 1 3 9 0 9 4 2 4 1 0 4 1 0 0 3 8 0 8 2 0 9 3 0 6 2 1 3 1 3 7 2 7 1 0 1 2 0 2 0 7 5 1 1 9 3 1 6 0 6 7 0 7 9 1 2 6 1 1 8 1 1 1 1 1 6 1 2 4  
3 0 0 4 7 7 1 1 6 0 9 2 7 3 6 3 4 4 1 6 1 5 1 6 5 2 6 3 3 3 8 2 0 1 0 1 2 7 5 6 6 0 3 1 2 1 1 6 1 0 1 7 6  
4 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 0 0 0 0 0 0 1 1 0 0 1 1 0 0 0 3 2 3 3 3 3 2 1 3 3 2
1005KND0520000000000 1 4 b l 2 2 1 2 3 1 7 7 1 7 4 1 7 1 1 6 9 1 2 3 0 9 5 0 9 6 0 9 9 1 0 7 0 7 0 1 1 4 1 0 7 1 0 1 1 0 6 2 4 5 1  
2 0 0 5 1 0 6 6 8 0 8 3 1 2 7 0 9 0 2 4 1 0 1 0 9 8 4 2 0 7 4 0 9 2 0 6 2 1 2 6 3 1 2 5 0 9 3 2 1 2 1 7 0 1 1 1 2 5 5 2 6 4 0 8 4 1 1 7 1 0 9 1 0 3 1 1 2 1 1 7  
3 0 0 5 7 7 1 0 7 0 9 2 7 0 5 9 4 2 1 5 8 4 4 5 5 2 6 3 0 3 8 2 0 0 9 9 2 6 5 5 6 2 2 6 1 5 1 1 1 1 1 3 2  
4 0 0 5 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 1 1 1 0 0 0 0 0 0 1 0 0 1 0 0 0 0 1 1 3 1 3 3 1 0 2 3 3
1 0 0 6KND051 0 0 0 0 0 0 0 0 0 0  1 4 b l 3 1 1 3 1 1 8 5 1 8 2 1 7 7 1 7 5 1 2 2 0 9 2 0 9 4 1 0 3 1 0 8 0 7 2 1 2 6 1 1 1 1 0 5 1 1 0 2 3 5 0  
2 0 0 6 1 0 9 8 1 0 8 9 1 4 2 1 0 1 2 4 1 0 7 1 0 5 4 0 0 7 7 0 9 1 0 6 0 1 3 0 3 5 2 8 1 0 2 1 9 2 3 7 5 1 1 4 2 5 5 6 6 5 0 8 6 1 2 4 1 1 6 1 1 3 1 1 7 1 2 6  
3 0 0 6 8 0 1 1 6 0 9 4 7 5 6 5 5 0 1 6 6 5 0 6 5 2 7 3 3 4 1 2 3 1 0 5 2 6 5 8 6 5 3 2 2 2 1 6 1 2 1 7 4  
4 0 0 6 0 0 0 0 9 0 0 0 0 0 0 0 0 1 1 1 1 1 1 0 0 0 0 0 1 0 0 0 1 0 0 0 0 3 2 3 1 3 3 3 0 3 3 1
100 7KND 0 5 1 0 0 0 0 0 0 0 0 0 0  1 4 b l 3 3 1 3 3 1 8 5 1 8 3 1 7  9 1 7 8 1 3 0 1 0 4 1 0 0 1 0  41130 6 9 1 2 4 1 1 0 1 0 7 1 1 1 2 1 4  5 
2 0 0 7 1 1 4 7 6 0 9 0 1 3 8 0 9 9 2 5 1 1 0 1 1 0 3 6 0 8 4 0 9 2 0 6 2 1 3 5 3 5 2 8 1 0 0 2 6 2 0 7 5 1 1 3 2 3 5 5 6 5 0 8 5 1 2 7 1 1 9 1 1 7 1 2 0 1 2 7  
3 0 0 7 7 7 1 1 7 0 9 4 7 4 6 4 4 4 1 6 3 5 3 7 0 2 6 3 2 4 0 2 3 1 0 6 3 0 5 9 6 7 3 2 2 2 1 5 1 4 2 0 4  
4 0 0 7 0 0 0 0 0 1 1 1 1 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 2 2 3 1 1 3 2 1 3 3 2
1 0 0 1 LJ A1 0 20 0 00 000000 2 0 b l 3 6 1 3 6 1 6 3 1 6 0 1 6 0 1 5 9 1 3 0 0 9 4 0 8 9 0 9 8 1 1 1 0 6 5 1 2 6 1 0 7 0 9 9 1 0 5 2 4 5 0  
2 0 0 1 1 0 3 7 1 0 8 9 1 2 9 0 9 1 2 1 1 0 1 1 1 0 3 7 0 7 0 0 9 9 0 6 5 1 2 6 3 3 2 8 1 0 2 2 3 2 4 7 9 0 9 7 2 0 5 0 7 1 0 8 1 1 2 5 1 1 2 1 0 7 1 1 2 1 2 2  
3 0 0 1 7 1 1 1 2 0 8 8 7 4 6 7 5 0 1 5 0 4 7 6 5 2 5 3 3 3 8 2 1 0 9 7 2 4 5 5 6 1 3 0 1 3 1 0 1 4 1 9 3  
4 0 0 1 0 0 1 1 0 0 1 0 0 0 0 0 0 1 0 0 1 1 0 0 0 1 0 1 0 1 0 0 1 0 0 0 1 2 1 1 0 1 3 3 0 2 3 1
1 0 02LJA101 0 0 0 0 0 0 0 0 0 0  2 0 b l 3 3 1 3 3 1 7 5 1 7 2 1 7 1 1 6 9 1 3 4 0 9 5 0 8 7 0 9 1 1 1 7 0 6 4 1 1 6 1 0 4 0 9 8 1 0 2 2 2 4 5  
2 0 0 2 1 0 5 7 2 0 8 9 0 0 0 0 9 7 2 4 0 9 9 0 9 6 3 2 0 8 2 1 0 1 0 6 4 1 2 9 3 5 3 1 1 0 2 2 1 2 2 7 8 1 1 8 2 8 6 9 7 6 0 8 2 1 2 7 1 1 2 1 0 8 1 1 0 1 1 7  
3 0 0 2 6 9 1 1 3 0 8 5 7 2 6 3 5 0 1 5 2 4 8 6 1 2 7 3 3 3 9 2 0 0 9 9 2 6 5 5 6 4 3 3 2 1 1 5 1 5 1 4 3  
4 0 0 2 0 0 0 0 0 0 0 0 1 0 1 0 0 9 9 9 9 9 0 0 0 0 0 1 9 0 0 0 0 0 0 0 1 2 1 9 1 3 1 3 0 2 3 3
1 0 0 3LJA101 0 0 0 0 0 0 0 0 0 0  2 0 b l 3 1 1 3 1 1 8 3 1 8 1 1 7 9 1 7 8 1 3 3 1 0 0 0 9 3 0 9 8 1 1 5 0 7 7 1 2 0 1 0 4 1 0 5 1 0 9 2 4 4 9  
2 0 0 3 1 0 3 7 5 0 8 8 1 3 4 0 9 7 2 0 0 9 8 1 0 3 4 4 0 7 4 0 9 6 0 6 1 1 3 5 3 6 3 1 1 0 6 2 1 2 2 7 5 1 2 1 2 7 6 0 6 4 0 8 6 1 2 6 1 1 6 1 1 2 1 1 7 1 2 5  
3 0 0 3 7 3 1 1 7 0 9 7 7 7 6 5 4 9 1 6 9 5 0 6 9 2 8 3 6 3 8 2 3 0 9 6 0 0 5 6 6 6 2 8 1 7 1 2 1 3 2 1 3  
4 0 0 3 1 0 0 0 0 0 0 0 0 1 1 0 0 1 1 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 1 2 1 3 1 1 3 3 0 3 3 3
1004LJ A1 0 1 0 0 0 0 0 0 0 0 0 0  2 1 b l 3 2 1 3 2 1 8 3 1 8 1 1 7 8 1 7 6 1 2 8 1 0 1 0 9 9 1 0 8 1 1 1 0 6 8 1 1 7 1 1 5 1 0 7 1 1 0 2 8 4 7  
2 0 0 4 1 0 3 6 7 0 8 9 1 2 5 0 9 6 2 3 1 0 0 1 0 7 4 1 0 8 1 0 9 7 0 6 6 1 3 1 3 0 2 7 0 9 1 2 4 2 1 7 2 1 1 3 2 5 5 9 6 9 0 9 3 1 2 4 1 1 3 1 1 0 1 1 4 1 2 5  
3 0 0 4 7 9 1 1 7 0 9 4 7 2 6 2 4 2 1 6 5 5 0 6 7 2 8 3 1 3 9 2 0 0 9 9 2 3 6 3 6 3 3 4 2 0 1 6 1 0 1 9 2  
4 0 0 4 0 1 0 0 1 0 0 1 0 0 0 0 0 1 1 0 0 0 0 0 0 1 0 0 1 1 0 0 0 0 0 0 1 2 1 1 1 3 3 3 0 2 3 3
1 005 LJ A1 01 0 0 0 0 0 0 0 0 0 0  2 1 b l 3 2 1 3 2 1 9 4 1 9 2 1 8 9 1 8 7 1 4 0 1 0 5 0 9 8 1 0 3 1 2 1 0 8 3 1 2 5 1 0 4 1 0 8 1 1 3 2 5 4 2  
2 0 0 5 1 1 3 7 6 0 9 5 0 0 0 0 0 0 2 6 1 1 1 1 0 3 4 6 0 8 4 0 9 5 0 6 3 1 3 7 3 7 3 1 1 0 6 2 5 2 3 8 1 1 3 2 3 0 6 8 6 7 0 7 9 1 3 0 1 2 0 1 1 5 1 2 3 1 3 2  
3 0 0 5 7 6 1 1 8 0 9 8 7 4 6 7 5 2 1 7 6 5 8 7 8 0 0 3 6 4 1 2 4 0 0 0 0 0 6 0 0 0 3 1 1 8 1 4 1 3 2 2 2  
4 0 0 5 0 0 0 0 1 1 1 1 1 0 0 0 0 0 9 9 1 0 0 9 0 9 0 9 1 1 0 0 0 9 0 0 0 2 1 9 1 3 3 2 0 3 1 2
1 0 0 6LJA101 0 0 0 0 0 0 0 0 0 0  2 1 b l 3 4 1 3 4 1 8 8 1 8 6 1 8 3 1 8 2 1 3 4 1 0 3 0 9 8 0 0 0 1 1 6 0 7 4 1 2 2 1 0 8 1 0 9 1 1 3 2 3 4 5  
2 0 0 6 1 1 1 7 1 0 9 2 1 3 3 0 9 7 2 6 1 0 7 1 0 8 4 2 0 8 0 0 9 6 0 6 4 1 3 5 3 4 2 9 1 0 1 2 5 2 3 7 9 1 2 1 2 7 5 9 6 9 0 8 4 1 2 3 1 1 8 1 1 6 1 2 1 0 0 0  
3 0 0 6 8 2 1 1 8 0 9 8 7 8 6 7 4 8 1 7 1 5 3 0 0 2 9 3 3 4 0 2 5 1 0 5 3 0 6 1 6 9 3 4 2 1 1 4 1 5 0 0 2  
4 0 0 6 0 0 0 0 1 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 0 1 1 1 3 3 1 3 3 1 2 3 1
1 0 0 7 LJ A1 0 10 0 00 0 00 00 0  2 1 b l 3 4 1 3 4 1 7 8 1 7 6 1 7 4 1 7 2 1 3 5 0 9 9 0 9 5 0 9 8 1 1 6 0 7 2 1 1 8 1 1 2 1 0 7 1 1 1 2 7 4 6  
2 0 0 7 1 0 5 7 1 0 8 8 1 2 9 0 9 7 2 1 1 0 1 1 0 9 4 1 0 8 2 0 9 6 0 6 7 1 3 1 3 5 2 7 1 0 1 2 4 2 2 8 0 1 1 2 2 4 5 6 6 5 0 8 3 1 2 9 1 1 5 1 1 1 1 1 5 1 2 2  
3 0 0 7 7 7 1 1 5 0 9 3 7 4 6 3 4 6 1 6 0 5 0 6 6 2 6 3 5 3 9 2 1 0 9 8 2 4 5 5 6 8 2 9 1 6 1 2 0 8 1 9 3  
4 0 0 7 0 1 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 1 0 1 0 0 0 0 1 0 1 1 0 1 0 0 1 3 2 3 1 3 1 2 1 1 1 2
1 0 0 8 LJ A1 0 10 0 00 0 00 00 0  2 l b l 3 4 1 3 5 1 9 0 1 8 9 1 8 4 1 8 3 1 3 2 1 0 4 0 9 0 0 0 0 1 1 9 0 7 9 1 3 1 1 0 8 1 0 9 1 1 2 2 5 4 6  
2 0 0 8 1 0 7 7 0 0 9 0 0 0 0 0 9 9 2 4 1 0 4 1 0 4 4 4 0 8 7 0 9 8 0 6 5 1 3 7 3 5 3 0 0 0 0 2 4 2 6 8 3 1 1 4 2 6 6 3 7 2 0 8 5 1 2 6 1 2 1 1 1 9 1 1 8 0 0 0  
3 0 0 8 7 9 1 1 9 0 9 8 7 6 6 9 5 2 1 7 5 5 4 0 0 2 8 3 7 4 1 1 9 1 0 2 2 7 0 0 0 0 3 6 2 1 1 8 1 7 0 0 2  
4 0 0 8 0 0 0 0 0 0 0 0 1 1 0 0 0 1 1 0 0 0 0 0 0 0 9 9 1 1 0 0 0 0 0 0 1 2 1 9 0 3 3 3 0 2 3 1
1 0 09LJA101 0 0 0 0 0 0 0 0 0 0  2 1 b l 3 3 1 3 3 1 8 3 1 8 2 1 7 9 1 7 8 1 3 8 1 0 1 0 9 4 0 9 6 1 1 4 0 7 8 1 2 7 1 0 3 1 1 2 1 1 8 2 9 5 5  
2 0 0 9 1 1 1 7 3 0 9 1 0 0 0 1 0 4 2 3 1 0 6 1 1 0 4 8 0 8 4 0 9 7 0 6 3 1 3 5 3 4 3 1 1 0 6 2 4 2 5 7 7 1 1 8 2 6 6 0 6 0 0 7 6 1 3 0 1 1 9 1 1 5 1 2 0 1 2 5  
3 0 0 9 7 7 1 1 1 0 9 5 7 6 6 8 5 0 1 6 9 4 9 6 6 2 4 3 3 4 1 2 2 1 0 3 2 5 5 8 7 0 3 2 1 9 1 4 1 5 1 9 2  
4 0 0 9 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 9 9 1 1 0 0 0 0 0 0 1 2 2 3 0 1 3 2 1 2 3 2
1 0 10LJA101 0 0 0 0 0 0 0 0 0 0  2 1 b l 3 8 1 3 8 1 9 1 1 9 1 1 8 6 1 8 6 1 3 5 1 0 9 0 9 9 1 0 6 1 2 2 0 7 3 1 2 5 1 0 9 1 0 8 1 1 1 2 3 4 8  
2 0 1 0 1 1 2 7 1 0 9 5 1 3 8 1 0 0 2 5 1 0 6 1 1 3 3 8 0 8 3 0 9 8 0 6 3 1 4 2 3 7 3 2 1 0 4 2 6 2 1 7 7 1 1 8 2 5 6 7 7 0 0 8 6 1 3 1 1 2 1 1 1 8 1 2 0 1 2 8  
3 0 1 0 7 6 1 2 6 0 9 6 7 7 6 5 5 1 1 6 9 5 4 7 6 2 6 3 5 4 0 2 5 1 0 4 2 7 5 9 6 7 2 9 2 1 1 4 1 1 2 4 3  
4 0 1 0 0 0 0 0 1 0 0 1 1 0 1 0 0 1 1 1 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 1 1 1 3 0 1 1 3 1 3 3 3
1 0 0 1NSA06 1 0 0 0 0 0 0 0 0 0 0  1 5 b l 3 6 1 3 6 1 7 9 1 7 7 1 7 1 1 7 1 1 2 3 0 9 4 0 9 2 1 0 3 1 1 5 0 7 0 1 2 3 1 0 8 1 0 4 1 1 0 2 7 5 0  
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APPENDIX 5
A MULTIVARIATE VERIFICATION OF SEX
The following is a detailed presentation of the multivariate 
verification of sex as applied to a single region, Lake Kutubu. 
Summary information and the results of the procedure when applied to 
the remaining 15 regions are also presented in tabular form. The 
verification procedure was conducted using the programme DISCRIMINANT 
of the SPSSX statistical package (SPSS Inc. 1986).
Wherever possible, the following variables identified by Brown 
(1982:35-48) as efficient sex discriminators have been used in the 
verification: maximum bi-parietal breadth, glabella-opisthocranion, 
basion-bregma, maximum supraorbital breadth, nasion-nasospinale, 
alveolar breadth and mastoid length. In circumstances where the use 
of all seven variables would have resulted in the exclusion of 
individual crania from an analysis due to missing data, either a 
reduced variable list was used or a variable substituted on the basis 
of significant Pearson's r (p < .001; refer to Table 6 in the main 
text).
Further criteria in the selection of variables were that there be 
a significant difference between the male and female means (p < .05), 
no significant difference in the variance between the sexes and no 
significant deviations from the normal distribution. Summary 
descriptive statistics for each variable used in the verification 
analysis for each region are presented in Table 5.1.
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Table A5.1 Summary descriptive statistics relating to the variable
selection procedure for the 
all regions.
Buang Mountains n X s .d. W
GLOPC M 28 179.8 5.39 0.961
F 20 171.9 5.22 0.974
3ASBREG M 28 128.8 4.27 0.948
F 20 125.9 3.23 0.957
MAXSORB M 28 104.2 3.41 0.974
F 20 100.4 2.64 0.950
AURIN M 28 108.9 3.37 0.973
F 20 103.9 3.78 0.963
BIAURUC M 28 115.3 4.30 0.956
F 20 110.9 3.90 0.940
Upper Markham Valley
MAXBIP M 51 129.6 3.35 0.969
p 28 125.6 3.97 0.962
AURBREG M 51 125.7 4.36 0.978
F 28 119.8 4.32 0.925
AURN M 51 110.3 4.22 0.980
F 28 103.5 3.14 0.934
AURLA M 51 116.7 4.02 0.965
F 28 110.5 3.73 0.971
GLLA M 51 179.0 6.31 0.972
F 28 168.1 5.19 0.939
Finschhafen Coast
MAXBIP M 47 133.5 5.21 0.983
F 14 126.2 4.95 0.909
GLOPC M 47 179.7 7.17 0.979
F 14 169.6 3.78 0.950
MAXSORB M 47 106.8 3.79 0.967
F 14 100.4 3.92 0.957
NNS M 47 49.3 2.62 0.975
F 14 46.4 2.44 0.955
AURBREG M 47 124.9 4.70 0.972
F 14 119.4 3.59 0.886
multivariate verification of sex,
P T P F P
0.10 5.09 0.000 1.06 0.903
0.10
0.10 2.51 0.004 1.75 0.208
0.10
0.10 4.14 0.000 1.66 0.253
0.10
0.10 4.88 0.000 1.26 0.573
0.10
0.10 3.58 0.000 1.22 0.666
0.10
0.10
0.10
4.71 0 . 0 0 0 1.40 0.296
0.10
0.05
5.84 0 . 0 0 0 1.02 0.977
0.10
0.05
7.53 0 . 0 0 0 1.80 0.101
0.10
0.10
6.77 0 . 0 0 0 1.17 0.679
0.10 7.83 0 . 0 0 0 1.48 0.272
0.10
0.10 4.68 0 . 0 0 0 1.11 0.884
0.10
0.10 5.03 0 . 0 0 0 3.61 0.015
0.10
0.10 5.53 0 . 0 0 0 1.07 0.817
0.10
0.10 3.77 0 . 0 0 0 1.16 0.812
0.10
0.10 4.03 0 . 0 0 0 1.71 0.291
0.05
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Table A5.1 continued:
Astrolabe Bay n X s. d.
MAXBIP M 9 133.8 5.65
F 2 128.0 1.41
GLOPC M 9 177.6 6.80
F 2 173.0 1.41
3ASBREG M 9 131.6 3.32
F 2 124.5 0.71
MAXSORB M 9 107.7 4.33
F 2 101.0 1.41
NNS M 9 51.1 1.83
F 2 49.0 2.83
MASTL M 9 30.2 2.86
F 2 29.0 1.41
Upper Sepik River
MAXBIP M 5 131.2 4.71
F 1 119.0
GLOPC M 5 180.2 4.49
F 1 169.0
3ASBREG M 5 134.4 3.58
F 1 121.0
MAXSORB M 5 104.4 2.30
F 1 99.0
NNS M 5 51.4 2.88
F 1 49.0
MASTL M 5 33.8 3.70
F 1 23.0
Mariko
MAXBIP M 9 137.8 3.90
F 1 136.0
GLOPC M 9 180.3 5.05
F 1 171.0
BASBREG M 9 131.1 6.45
F 1 121.0
MAXSORB M 9 106.0 2.12
F 1 101.0
NNS M 9 51.3 3.08
F 1 50.0
MASTL M 9 32.8 2.33
F 1 28.0
W P T P F P
0.902 0.10 1.38 0.100 15.97 0.383
0.907 0.10 0.91 0.194 23.14 0.319
0.932 0.10 2.87 0.009 22.06 0.327
0.846 0.05 2.08 0.034 9.38 0.495
0.893 0.10 1.37 0.101 2.38 0.323
0.861 0.10 0.57 0.294 4.10 0.731
0.760 0.01 2.36 0.038
0.989 0.10 2.27 0.042
0.926 0.10 3.42 0.013
0.943 0.10 2.14 0.049
0.813 0.10 0.76 0.244
0.991 0.10 2.66 0.028
0.870 0.10 0.43 0.333
0.944 0.10 1.75 0.059
0.902 0.10 1.49 0.087
0.806 0.02 2.24 0.028
0.849 0.05 0.41 0.346
0.950 0.10 1.94 0.044
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Table A5.1 continued:
(Thimbu Gorge n X a .d. W ? T P F P
M A X B I P M 49 135.9 4.91 0.973 0.10 2.76 0.004 2.59 0.064
F 14 132.1 3.05 0.898 0.10
G L O P C M 49 183.4 6.63 0.986 0.10 4.21 0.000 1.41 0.514
F 14 175.2 5.59 0.971 0.10
B A S B R E G ; M 49 132.3 4.39 0.976 0.10 2.34 0.012 1.54 0.404
F 14 129.4 3.54 0.852 0.02
NNS M 49 51.7 3.34 0.973 0.10 2.45 0.009 1.18 0.774
F 14 49.2 3.07 0.956 0.10
B A S N S M 49 94.1 4.22 0.978 0.10 3.89 0.000 1.53 0.405
F 14 89.4 3.41 0.958 0.10
Nebilyer-Kaugel
M A X B I P M 21 134.9 4.41 0.9 3 9 0.10 4.02 0.000 1.20 0.856
F 8 127.8 4.03 0.937 0.10
B A S B R E G M 21 133.5 4.01 0.968 0.10 3.51 0.001 1.53 0.431
F 8 127.3 4.95 0.980 0.10
NN S M 21 52. 6 2.68 0.943 0.10 3.62 0.000 1.59 0.547
F 8 48.8 2.12 0.835 0.05
M A S T L M 21 32.8 2.62 0.964 0.10 4.93 0.000 1.09 0.971
F 8 27.5 2.51 0.755 0.01
G L L A M 21 184.3 5.53 0.942 0.10 4.25 0.000 1.87 0.258
F . 8 174.0 7.56 0.897 0.10
Erave n X s .d. W P T P F p
M A X B I P M 9 133.4 2.01 0.859 0.10 -1.21 0.131
F 1 136.0
G L O P C M 9 185.0 6.25 0.955 0.10 3.34 0.005
F 1 163.0
B A S B R E G M 9 134.3 3.43 0.960 0.10 1.20 0.132
F 1 130.0
M A X S O R B M 9 107.8 3.99 0.874 0.10 1.14 0.144
F 1 103.0
NNS M 9 51.8 3.19 0.904 0.10 1.42 0.096
F 1 47.0
M A S T L M 9 31.8 2.73 0.947 0.10 0.62 0.277
F 1 30.0
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Table A5.1 continued:
Menyamya n X ■ .d. W P T P F P
M A X B I P M 6 131.0 5.10 0.969 0.10 1.63 0.081
F 1 122.0
G L O P C M 6 182.5 5.23 0.936 0.10 1.03 0.174
F 1 177.0
3 A S B R E G M 6 126.2 5.57 0.882 0.10 0.53 0.310
F 1 123.0
M A X S O R B M 6 109.5 2.5 9 0.880 0.10 1.25 0.133
F 1 106.0
NN S M 6 50.7 3.01 0.971 0.10 2.05 0.048
F 1 44.0
Telefolip-Oksapmin
M A X B I P M 9 140.7 3.78 0.837 0.05 1.97 0.040 1.78 1.00
F 2 135.0 2.83
G L O P C M 9 176 . 9 6.05 0.929 0.10 3.04 0.007 4.42 0.137
F 2 160.0 12.72
M A X S O R B M 9 106.4 2.07 0.838 0.05 3.22 0.005 1.87 0.417
F 2 101.0 2.83
NNS M 9 50.8 3.90 0.882 0.10 2.41 0.019 1.22 1.00
p 2 43.5 3.54
A U R B R E G M 9 123.0 3.08 0.948 0.10 4.06 0.001 2.11 0.978
F 2 113.5 2.12
Lake Kutubu
M A X B I P M 30 127 . 6 3.62 0.975 0.10 3.36 0.001 1.18 0.774
F 14 123.8 3.33 0.927 0.10
G L O P C M 30 181 . 9 4.43 0.935 0.05 6.20 0.000 1.04 0.890
F 14 172.9 4.51 0.960 0.10
M A X S O R B M 30 104.7 3.23 0.980 0.10 4.47 O.OCO 1.18 0.782
F 14 100.0 3.06 0.894 0.05
NN S M 30 52 . 6 2.77 0.976 0.10 5.85 0.000 1.17 0.793
F 14 47.5 2.57 0.910 0.10
A U R B R E G M 30 122.3 3.35 0.934 0.10 4.64 0.000 1.40 0.434
F 14 116 . 9 3.97 0.857 0.02
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Table A 5 .1 continued:
KiJcori River n X s . d.
M A X B I P M 35 129.2 3.78
F 10 126.5 4.17
G L O P C M 35 181.1 4.71
F 10 172.9 5.04
3 A S B R E G M 35 132.0 4.36
F 10 128.2 6.21
M A X S O R B M 35 106.5 3.72
F 10 100.2 3.33
BAS N M 35 101.8 3.41
F 10 97.0 3.46
Goaribari Island
M A X B I P M 82 135.7 6.41
F 45 130.2 7.00
G L O P C M 82 173.7 7.80
F 45 168.0 6.52
M A X S O R B M 82 103.6 3.91
F 45 99.3 3.65
NNS M 82 52.1 2.97
F 45 48.4 2.54
A U R B R E G M 82 122.5 3.94
F 45 119.1 4.18
Purari River Delta
M A X B I P  M 25 127.5 6.05
F 6 123.3 4.18
G L O P C  M 25 181.5 4.39
F 6 175.8 7.57
B A S B R E G  M 25 131.0 4.69
F 6 127.2 2.79
M A X S O R B  M 25 103.8 4.24
F 6 98.5 2.17
N NS M 25 51.1 2.81
F 6 46.7 3.56
W P T P F P
0.9 4 6
0.9 4 9
0.10
0.10
1.93 0.030 1.22 0.632
0.978
0.938
0.10
0.10
4.79 0 . 0 0 0 1.15 0.717
0.980
0.972
0.10
0.10
2.22 0.016 2.03 0.132
0.957
0.925
0.10
0.10
4.84 0 . 0 0 0 1.25 0.761
0.962
0.887
0.10
0.10
3.94 0 . 0 0 0 1.03 0.870
0.9 7 9
0.9 7 6
0.10
0.10
4.42 0 . 0 0 0 1.19 0.488
0.975
0.938
0.10
0.02
4.15 0 . 0 0 0 1.43 0.192
0.972
0.950
0.10
0.05
6.14 0 . 0 0 0 1.15 0.629
0.965
0.973
0.10
0.10
6.96 0 . 0 0 0 1.36 0.269
0.953
0.968
0.05
0.10
4.58 0 . 0 0 0 1.13 0.6 3 1
0.963
0.855
0.10
0.10
1.60 0.060 2.10 0.421
0.938
0 . 9 2 9
0.10
0.10
2.44 0.010 2.98 0.063
0.957
0.925
0.10
0.10
1.91 0.033 2.83 0.250
0.9 2 9
0.940
0.05
0.10
2.92 0.003 3.82 0.141
0.934
0.855
0.10
0.10
3.29 0.001 1.60 0.396
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A direct rather than a stepwise selection procedure was followed 
when calculating the linear discriminant function for each region. A 
stepwise procedure selects the major discriminating variables and 
removes any that are considered redundant. It was felt, however, that 
a direct selection procedure which includes all of the listed 
variables was desirable, given the strict criteria governing initial 
variable selection.
The prior probability of group membership was determined using the 
original sample composition. This assumes an equal bias in the 
incorrect classification of males and females based on the visual 
determination.
A discriminant function analysis was carried out on the data 
collected from Lake Kutubu, using the variables listed for that region 
in TableA5.1. Descriptive statistics associated with the results of 
this particular analysis are presented in TableA5.2. Wilk's lambda is 
significant, indicating that the function has successfully 
discriminated the sexes, and the classification results show an 
agreement between the visual and discriminant determinations of sex of 
93.3% for the males, 92.9% for the females and an overall agreement of 
93.2%. The F value associated with Box's M is not significant, 
indicating equal dispersion within the male and female groups.
The classification results computed from the individual 
discriminant scores indicated three cases of misclassification (Table 
A 5.3) . These will be discussed individually.
Case 18: Visually sexed as a male, the discriminant function
indicated a highest probability of this being a female. The 
probability of case 18 being a female with a discriminant score D is 
.7748 (P(G/D) highest group), and of being a male with the same score
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Table A5.2 Statistics describing the performance of the discriminant 
function used in the multivariate verification of sex, Lake 
Kutubu region
Variables
MAXBIP 
GLOPC 
MAXSORB 
NNS
AURBREG
Function Eigenvalue
% of Wilk's 
Variance Lambda Chi^ d.f. p
1 1.53881 100.0 0.39388 36.8 5 0.000
Box's M Associated F d.f. p
24.438 1.3665 15, 2713 0.1546
Classification Results
Actual Group No. of Cases
Predicted Group 
Male
Membership
Female
Male
Female
30
14
28 93.3% 2 6.7%
1 7.1% 13 92.9%
% of grouped cases correctly classified: 93.18%
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Table A5.3 Probability and classification results for individuals 
misclassified by the discriminant function in the multivariate 
verification of sex, Lake Kutubu region
Highest Second Discriminant
Case No. Actual Group Group (G) P(D/G) P(G/D) Highest Group P(G/D) Scores
18 Male Female 0.5939 0.7748 Male 0.2252 -1.2409
27 Male Female 0.3930 0.5988 Male 0.4012 -0.9200
44 Female Male 0.3508 0.8481 Female 0.1519 -0.1051
Actual Group: sex as determined using visual criteria.
Highest Group: the group determined by the discriminant function as being the most
likely sex.
P(D/G): probability of a case from group G having a discriminant score so distant from 
the highest group's centroid.
P (G/D) : probability of a case from group G having a discriminant score of D.
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is .2252 (P(G/D) second highest group). Photographs of the cranium 
are equivocal on the matter of sex, yet the classification probability 
results strongly indicate a female. In this case, therefore, the 
multivariate determination of sex is the one accepted.
Case 27: Visually sexed as a male, the discriminant function 
indicated a highest probability of this being a female. The 
probability of case 27 being a female with a discriminant score D is 
.5988, and of being a male with the same score is .4012. Although 
there is not much difference between these probabilities, the 
photographs of case 27 strongly suggest a male. This discrepancy can 
be explained by the fact that the first discriminant function in a raw 
data analysis may be heavily influenced by size (Corruccini 1975), and 
that in dealing with a single discriminant function, as in the present 
case, the major component of variation could well be size-based. 
Furthermore, the seven variables identified by Brown (1982:35-48) are 
generally descriptive of size, so it appears that case 27 is being 
classified as a female on the basis of size alone. The robusticity of 
case 27 is obvious, however, and I have concluded that the cranium is 
that of a small male. In this case the visual determination of sex is 
the one accepted.
Case 44: Visually sexed as female, the discriminant function 
indicated a highest probability of this being a male. The probability 
of case 44 being a male with a discriminant score D is . 8481, and of 
being a female with the same score is .1519. Examination of the 
photographs of case 44 does not give a clear indication of sex, and so 
the final decision is in favour of the strong statistical probability 
that the cranium is that of a male.
Statistics describing the performance of the discriminant 
functions for each region are presented in TableA5.4. A final summary
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of the multivariate verification of sex procedure for all regions is 
presented in TableA5.5.
It is apparent from these results that there are problems 
associated with the application of this technique to small samples. 
In some cases, for example Menyamya and Erave, the visual 
determination of sex left only a single female in the sample, creating 
problems not only in satisfying the criteria for variable selection 
(significant T values and non-significant F values), but also making 
it impossible to compute Box's M, since a covariance matrix cannot be 
computed from a single case. Wutung could not be examined at all 
using this procedure, as all four individuals were visually sexed as 
male and, therefore, there is no sex-based variation to which a 
discriminant function could be applied.
Wilk's lambda is significant at p < .05 for all samples with a 
total composition of greater than 15 individuals (TableA5.4) . The F 
values associated with Box's M for these samples are not significant, 
so it can be assumed that there is equivalent dispersion in the 
covariance matrices for both sexes.
For all samples where it is possible to assess the statistical 
significance of their respective discriminant functions (Buang 
Mountains, Upper Markham Valley, Finschhafen Coast, Chimbu Gorge, 
Nebilyer-Kaugel, Lake Kutubu, Kikori River, Purari River Delta and 
Goaribari Island), none achieved a disagreement ratio between visual 
and discriminant sex determinations of greater than 20% (TableA5.5). 
For Goaribari Island, 84% of the disagreements were decided in favour 
of the original visual determination. The relatively poor performance 
of the discriminant function in this case may be the result of a 
component of variation within the regional sample that is independent 
of sexual dimorphism. This particular question is addressed more
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fully in Chapters 6 and 7. For the remaining samples, the percentage 
of final decisions in favour of visual or discriminant determinations 
fluctuates from region to region without regularity.
It is interesting to do a regional comparison of the figures 
relating to whether or not one sex was consistently misclassified 
(TableA5.5) . Taking the Upper Markham Valley as an example, 54% of 
the disagreements were visually sexed as male and 4 6% were visually 
sexed as female, indicating that in cases where the determination of 
sex was inconsistent, I was not overly biased towards a particular sex 
in my visual determinations. This observation is true for all 
regional samples of greater than 15 individuals.
The most important observation that can be drawn from the 
foregoing analysis is that for most of the regional samples 
considered, the results indicate only minor disagreement between 
visual and discriminant sex determinations, and therefore inspire 
confidence in the original visual assessments. Minor disagreement 
between the techniques is to be expected given an essential 
circularity within the verification procedure (discussed in Chapter 
4). However, if it is assumed that the underlying assumptions 
regarding initial accuracy in the visual determinations are valid, 
then the purpose of the exercise, the identification and verification 
of discriminant outliers, is also valid. For those regional samples 
with small numbers and thus questionably included within the 
verification procedure, the results of the large-sample analyses 
suggest we can rely upon the visual determinations alone.
